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Testing production batches of semiconductors for leaks 
(Photograph by courtesy The General Electric Co. Ltd., 
Semiconductor Division). 





lc.c. IN THIRTY YEARS! 


Leaks of this order detected with the 
METROVICK type MS6L Spectrometer 


For leaks in vacuum systems the Metrovick MS 6L Spectrometer gives a POSITIVE INDICATION 
minimum detectable leak around 5 x 10°’ lusecs (litres at 10°"mm Hg per 
second )—a rate which means that only Ic.c. at atmospheric pressure would 


The equipment gives a direct 
measure of concentration, and is positive in indication. 


pass through in thirty years! In systems pressurised with helium at 15 FOR TESTING Hermetic glass-to-metal or metal-to-metal 
p.s.i.g., the equipment will detect and measure leaks of less than 107° c.c. seals. Particle accelerators. Bellows, capsules, bourdon tubes. 
per second Vacuum valves, pumps, pipework. Refrigeration systems. 
Vacuum furnaces. Nuclear reactor vessels, fuel elements and 


Compact, portable and simple to use and maintain, this self-contained coolant systems. Electronic valves. 
equipment is entirely British in design and construction. Apart from 


helium, it can be used with other lower-cost tracer gases. For countless Before you decide on the choice of leak-testing equipment, you 


requirements, including the stringent demands of nuclear plant, it provides should send for descriptive literature on the Type MS. 6L Mass 


today’s most rigorous and economic leak-testing system. Spectrometer.Write to: 


METROPOLITAN -VICKERS 


ELECTRICAL CO LTD TRAFFORD PARK MANCHESTER, 17 





An A.EJ1. Company 
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SPECIAL FEATURES 


TRAWSFYNYDD 
First of the CEGB plants to be sited inland, this 500 MW station 
presents Atomic Power Constructions Ltd. with many interesting 
design and construction problems. Here is the first full description 
Engineering design by J. W. Ashley, Technical Director, APC 
Technical calculations by Dr. S. A. Young, Chief Physicist, APC 
Civil Engineering by D. H. New, Chief Engineer of Nuclear 
Civil Constructors 
Cut-away perspective drawing in full colour 
Main station data 
Industry’s contribution 


Performance of thermal fission rockets 

Comparing the possible performances of future nuclear and chemical 
rockets, Dr. O. M. Wyatt of Hawker Siddeley Nuclear Power Co. 
concludes that graphite reactors with hydrogen propellants offer 
distinct advantages, especially for larger payloads 

The industrial future for large radiation sources 

Experts from many different countries were brought together by the 
1AEA recently to discuss the possible applications of large sources 
in industry, especially in chemical processing. S. Jefferson, Head of 
the Wantage Radiation Laboratory, reports from Warsaw 

The GEC cross-flow fuel element 

A radical departure from normal practice, this new design, described 
here by M. C. Hartnell-Beavis, is intended either for land based or 
marine AGRs of 30-100 MW 

Pulse counting techniques 

In the third article in our series on electronics for radiation detection, 
K. Kandiah of Harwell examines recent developments in counting 
techniques and compares them with established circuits 


NUCLEAR TECHNOLOGY 


INSTRUMENTATION 


Two million amp. switch for CTR by G. M. Bracewell, et al 


MATERIALS 
Oxidization of graphite in reactors by M. Tomlinson 


PROGRESS IN INDUSTRY 
Enrico Fermi reactor nears completion 
Mechanical testing starts on US fast breeder 
Developing advanced materials 
New facilities at Tube Investments 
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JESSOP-SAVILLE 

Special Steels including high temperature 
alloys, anti-corrosion alloys and double 
vacuum arc-melted materials. Zirconium 
and Titanium. 


STEEL 
DIVISION 


GENERAL METAL AND PLASTIC 
ENGINEERING COMPONENTS LTD. 
DIVISION Porous metal filters in stainless steel, nickel 
and copper-nickel alloys. Sintered powder 
metal components. 


B.S.A. METAL POWDERS LTD. 
Pre-alloyed powders by atomisation, iow 


alloy, stainless, and heat-resisting. Nickel- 
chromium alloys, ““Cosint 1000”, having a ar O a 
high strength properties at elevated tem- ee 


peratures. 


TOOLS B.S.A. TOOLS LTD 
DIVISION Machine tools with automatic and semi- 
automatic loading and transfer mechanisms ’ ? 
for the machining of radio-active materials, The B.S.A. Group, supplying materials 
the rarer metals, and refractory oxides. 3 : a 
and equipment to the nuclear engineering 
GROUP Spark machining e.g. tungsten carbide : . . ‘ . 
RESEARCH CENTRE orifice plates. Powder metallurgy develop- industry, 1S playing its part in the com- 


ts. Electro-chemical machining  de- . ; 
——= mercial advancement of atomic power. 





imwmaem WITH THE NUCLEAR AGE 


THE BIRMINGHAM SMALL ARMS CO. LTD. 
ARMOURY ROAD, BIRMINGHAM, 11 
CABLES: SMALLARMS, BIRMINGHAM 
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NEW “THERMOCOAX’ 
MINIATURE THERMOCOUPLES 


0.5 mm. to 1 mm. outside diameter 


The latest THERMOCOAX ceramic-packed miniature thermocouple wires 
have outside diameters of 0.5 mm. and 1 mm. and can be bent 

on a radius of 2mm. 

THERMOCOAX wire has great mechanical strength, especially against 
shock and high pressures, good stability at high temperatures 

and perfect insulation. Sharp bends can be made, the wire can 

be soldered or brazed to make gas-tight junctions, and the response 
time is very short. THERMOCOAX has a temperature range of 

0-900°C. with an accuracy of within 2.8°C. up to 350°C. and 0.75% 


from 350°C. upwards. In nuclear applications it offers very 
small area for the capture of neutrons. 
THERMOCOAX * miniature thermocouple wires consist of an | 
7 outer sheath of metal filled with powdered magnesium oxide and 


enclosing two cores of Chromel-Alumelt insulated from each other 
and from the sheath. The actual thermocouple is made by joining 


the two conductors together. THERMOCOAX is available in 
three types-0.5 mm. and 1 mm. in diameter. 

* Marque deposee, produce of France + Trade mark Hoskins Mfg. Co. 
Full technical information supplied on request. 


Sole Distributors in U.K.: 


RESEARCH AND CONTROL INSTRUMENTS LTD 


Instrument House, 207 King’s Cross Road, London, W.C.1. Telephone: TERMINUS 2877 
(RCLO427) 
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Davison produces more 
uranium than all other 
commercial suppliers combined 


Tell us your reactor material needs. We'll supply you with 
exactly the grade you require in all enrichments. And you can 
bank on Davison Uranium purity of 99.9% or better. 


We can make this statement because we are the world’s leading 
commercial supplier of reactor grade uranium with broader 


experience than any other manufacturer. 


Whether your requirements are pellets, rods or ingots — but- 


tons or derbies— you may anticipate prompt shipment of your 


Uranium and Thorium metals and oxides. Assistance with 


precise reactor requirements. 


w.r.GRACE 2 co. 


DAVISON CHEMICAL DIVISION 
ERWIN, TENNESSEE 


Packaged arrangements quoted. 





A.E.C. Licensing. Shielding assemblies. Scrap recovery services. 
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POWER PLANT PIPEWORK 


We design, manufacture, manipulate and install pipework for all types 
of industrial plants and are able to provide a comprehensive service to 
our customers. 

In addition to pipework for general services, our range of products 
includes steam, gas, water and air mains, coils, tubes for boilers and 
heat exchangers. We also supply tubes and rectangular hollow sections 
for mechanical, structural and general engineering purposes. 


STEWARTS AND LLOYDS LIMITED 


GLASGOW - BIRMINGHAM - LONDON 
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SPECIAL STEELS 
FOR NUCLEAR POWER ... 


One of the 


most essential characteristics implied by the expression ‘high quality’ is 
reliability, and the construction of nuclear power plants ranks high amongst 
those advanced engineering projects, where any doubt concerning the materials 
of construction cannot be tolerated 














HADFIELDS LTD., 


ae A i * 
tS He a% 


Hadfields have contributed in the provision of high quality 
alloy steels to meet the demand of reactor designers and the 
“Era’’ series of Boron Steels was developed to satisfy the special 
needs of neutron absorption for control purposes. These steels 
are also used for special shielding applications. 


Hadfields have made the Control Rods for Calder Hall and 
Chapelcross Stations of U.K.A.E.A., incorporating ‘Era Boron 
Steels” and ‘Era H.L.C.” special Low Cobalt Stainless Steel. “Era 
H.L.C.”’ Steel has also been used in the production of a number 
of other reactor components and is of the 18/8 Stabilised type 


Pressure vessel and heat exchanger forged flanges are made in 
special ‘Era C.R.”’ and “Hecla’”’ Steels, and a large number of 
small castings can be produced in our foundries which are 
specially equipped for this class of work. 


SME F®r 


RE 


| 7% | man 
" 


‘(=p 


A. 





EAST HECLA WORKS, SHEFFIELD, 


ENGLAND. 
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RIO TINTO 


is now able to supply uranium in commercial quantities 
for power and research programmes. The nuclear grade 
products now available include the following: 


Ammonium Diuranate § Uranyl Nitrate Hexahydrate 
Standard Grade Uranium Dioxide § Ceramic Grade Uranium Dioxide 
Uranium Tetrafluorid § Uranium Metal 


Uranium metal is normally supplied as machined ingot but 
facilities exist for forging and rolling to special sizes and 
shapes to meet individual requirements, 


Prices and specifications on application to 
Rio Tinto Management Services (UK) Limited 


Barrington House, 59 Gresham Street, London, E.C.2 
TELEPHONE: METROPOLITAN 9101 





08 AEE PDO REE ALATA AEE 


This is the century which is out to beat the clock. 
From 5 m.p.h. in one of the “ old crocks"’ to 25,000 
m.p.h. by rocket into outer space ‘‘Faster and 
faster” is the slogan of the age, not only for travel 
but also for production and building. 


Nowadays the framework of a building soars into 
the blue almost in the time it takes to say “ pre- 
fabrication””’. 


Speed is the essence of modern building and that 
means prefabricated steel that can be erected 
quickly on the spot. 


Skinningrove specialises in fast deliveries of 
fabricated steelwork in all shapes and sizes. Personal 
attention is given to every order which passes 
through the works. From the time the order 
reaches the office until it is delivered to the site 
everything is done to see that the work proceeds 
quickly. 


For fabricated steel it’s Skinningrove for speed 
and service. 


SKINNINGROVE IRON CO. LTD. 


P.O. BOX No. |. SALTBURN, YORKSHIRE. TEL: LOFTUS 212 


Send for a copy of the new Skinningrove Section and 
Underground Roof Support booklets which give details 
of sizes rolled and services etc.. . 
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R & M ANGULAR CONTACT BEARINGS... 


* TELEPHONE 456 -» TELEX 37-626 


BRANCHES j;+* OFFICES AND AGENCIES THROUGHOUT THE WORLD 
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Type PNI 10261 Type PNI 1025/1 


' 


Wide Range Uncompensated Wide Range Gamma Compensated 
lonisation Chamber lonisation Chamber 


Diameter 3°5 ins. Length 13°5 ins. Diameter 3°5 ins. Length 13°5 ins. 
Coated area 640 cm? Coated area 450 cm? 
Enriched boron coating Enriched boron coating 





Sx 2°6 x 10—'4 a/nv \ 225 cm Hg. Sx 18x 10—'4a/nv | 225 cm. Hg. 
Sy 6°5 x 10—'2 a/r/h { Hydrogen filling Sy <4:5 x 10—!3 a/r/h § Hydrogen filling 





Neutron detectors for reactor control 


These two units have been specially designed for 


operation at temperatures up to 200°C and are readily Other Plessey Nucleonics activities include :— 
available. Also available are PNI 1025/2 and Burst fuel element detection equipment, reactor control 
PNI 1026/2 with completely detachable plug and instrumentation, flux scanning systems, installed and 
socket connections. Designers and Engineers desiring portable monitoring equipment, single channel and 
further information should write for Data Sheet 100 channel pulse height analysers. 
No. PNL tot. 
PLESSEY NUCLEONICS LIMITED 
| Plessey Weedon Road - Northampton: Tel: Northampton 4966 - One of the [ Piessey | Group of Companies 
OVERSEAS SALES ORGANISATION: PLESSEY INTERNATIONAL LIMITED ~- ILFORD ~* ESSEX ~* TEL: ILFORD 3040 








@ PNL 12 
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1.C.l. CARBON DIOXIDE 


TO CALDER HALL AND CHAPEL CROSS 











1.C.1. supplies 


IMPERIAL CHEMICAL INDUSTRIES LTO 


_ 





liquid carbon dioxide 
to the United Kingdom 
Atomic Energy Authority 


LIQUID CARBON DIOXIDE 















KO 
Af 


0 C 0 


I.C.I. liquid carbon dioxide meets in full the exacting requirements of the 
































atomic energy industry, and it is available whenever and wherever it is wanted. 
A fleet of specially-constructed tankers, each of 9 or 10-ton capacity, makes 
express deliveries of liquid carbon dioxide to the U.K.A.E.A. nuclear power 
stations at Calder Hall and Chapel Cross. 

For over a quarter of a century, pure liquid carbon dioxide has been produced by 
Imperial Chemical Industries Limited in a continuously running plant. The 
production capacity has guaranteed—and will continue to guarantee—regular 
and adequate supplies of liquid carbon dioxide in bulk. 


For development projects and experimental work, 
the ‘ Drikold’ Liquefier is available—inexpensive, simple and quick to operate. 


Full information on request. 


IMPERIAL CHEMICAL INDUSTRIES LIMITED - LONDON, S.W.!1 


OK.31+ 
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DOWTY 


makes 





Compact 


Sensitive 


Operating pressure 


‘ from 1000 - 3000 Pp.s.i. 
R elj d ble Weight 11 ounces 


DOWTY EQUIPMENT LIMITED CHELTENHAM 
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SELF-SEALING 
COUPLINGS OF 
BAYONET OR 
SCREW TYPES . emsaitiiaiie 


These couplings have been supplied for some considerable time in the }” - }” range. 








for use with Helium, Heavy Water, etc. and they can be supplied 
in stainless steel for high temperature conditions up to +180°C. 
They are completely hermetically self-sealing when disconnected 


but automatically provide a clear passageway when re-coupled. 





They are made in a range of sizes from 4” to §” bore. 


Our Technical Staff are always ready to discuss your problems. 


Lockheed-Avery coupling in the 3?” size. 
Other variations are also available. 


BUILDING TRAWSFYNYDD 






































Arome Power Constructions L ro. 


28 THEOBALDS ROAD - LONDON -: W.C 
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BUILDING TRAWSFYNYDD 


Trawsfynydd 


NUCLEAR POWER STATION 











This impression of Trawsfynydd Nuclear Power Station by Mr. Basil Spence ARA, President RIBA, consultant 
architect to Nuclear Civil Constructors, shows how the design blends with the landscape of Snowdonia. 





ATOMIC POWER CONSTRUCTIONS LIMITED 
are responsible for the design and construction of this 500 MW station for the The heat exchangers each have a 
Central Electricity Generating Board. heat rating of 150 MW 

As a member company of APC, International Combustion Ltd. will supply 


Steam conditions at the turbine 
Twelve heat exchangers 


stop valve:- 
The main and recirculation CO, gas ducting 
The biological shield cooling system H.P. steam..... 927 p.s.i.g. 715°F 
The design of the heat exchangers is based on the same practical research into ee) 290 p.s.i.g. 685°F 
methods of manufacture and operational performance as is applied to the many 
conventional fuel fired boiler units for which IC are responsible to the Central 


Electricity Generating Board. L.P. 35% 


Steam flow ratio . H.P. 65°% 











INTERNATIONAL COMBUSTION LIMITED 


‘ 


NINETEEN WOBURN PLACE, LONDON WCI. WORKS: DERBY 





TGA GIIIA 
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BUILDING TRAWSFYNYDD 








FAIREY 


at the heart of the 
New Nuclear 


Power Station 


Fairey Aviation’s part in the design and construction of Trawsfynydd is to be 
found in the Reactor, the heart of the Atomic Power Station. With its 


associated company, Fairey Engineering Limited, it will be responsible for:— 


Charge Machines - Control Rod Mechanisms - Graphite Machining and Laying 


Irradiated Fuel Disposal Equipment - Burst Fuel Element Detection System 


MEMBER COMPANIES OF ATOMIC POWER CONSTRUCTIONS LTD. 
Crompton Parkinson Ltd., International Combustion (Holdings) Ltd., Richardsons 
Westgarth & Co. Ltd., Fairey Aviation Ltd. ASSOCIATES: Nuclear Civil Constructors 


FA i R EB ) Fairey Aviation Ltd., Hayes, Middlesex 
Fairey Engineering Ltd., Stockport, Cheshire 


Subsidiaries of The Fairey Company Limited 
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BUILDING TRAWSFYNYDD 





This impression of Trawsfynydd Nuclear Power Station by Mr. Basil Spence. Consultant Architect to Nuclear Civil Constructors, 
shows how its design blends into the landscape of Snowdonia 


Generating Plant for Trawsfynydd 


The whole of the generating, condensing and feed heating 
plant as well as the CO, circulators for the 500 MW Nuclear 
Power Station to be built by Atomic Power Constructions 
Ltd., at Trawsfynydd in North Wales, will be made by the 
Richardsons Westgarth Group. 


THE TURBO-ALTERNATORS, four in number, each with an 
electrical output of 145 MW, will be four cylinder machines 
of Brown Boveri design for a 65 per cent high pressure; 35 per 
cent low pressure steam cycle. The steam conditions at the 
turbine stop valves will be; H.P. 927 p.s.i.g. 715°F; L.P. 
290 p.s.i.g. 685°F. 


exhausts into twin condensers. 


Each turbine will discharge through six 


CONDENSING AND FEED HEATING PLANT. In addition to the 
eight turbine condensers, The Richardsons Westgarth Group 
are supplying the complete feed heating plant and also two 


dump condensers, each capable of handling 5°, of the full heat 
output. 


THE TWELVE AXIAL-FLOW GAS CIRCULATORS will be of a new 


type designed and developed by the Group Engineering 
Division, and will be fitted six to each reactor at the lower 
ends of the boilers where they will handle CO, at approxi- 
mately 240 p.s.i.g. Each circulator will be driven by an 
induction motor of approximately 6,000 h.p. at a constant 
speed of 2,950 r.p.m., the gas flow being regulated by throttle 
valves in the main gas ducts linked to bypass valves in the 


re-circulating ducts. 


The large well co-ordinated resources of the Group make it 
possible for us to undertake this very considerable manu- 
facturing programme without prejudicing the ability of our 
Works at Hartlepool to build turbo-alternators and other 
plant for industrial users. 


The Richardsons Westgarth Group 


/\ Co-ordinating the land and marine activities of: 


THE NORTH EASTERN MARINE ENGINEERING CO, 


PARSONS MARINE TURBINE CO. LTD. 


GEORGE CLARK & NORTH EASTERN MARINE (SUNDERLAND) LTD. 


ASSOCIATED COMPANY 


LTD. 


RICHARDSONS WESTGARTH (HARTLEPOOL) LTD, 
THE HUMBER GRAVING DOCK & ENGINEERING CO. LTD, 
RICHARDSONS WESTGARTH ATOMIC LTD, 


ATOMIC POWER CONSTRUCTIONS LTD, 


RICHARDSONS, WESTGARTH & CO., LTD., WALLSEND, NORTHUMBERLAND 
and at 58 Victoria Street, London, §.W.1 - 59 Mosley Street, Manchester, 2 - 75 Buchanan Street, Glasgow, C.1 
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‘Welvic’ covered cables in the Royce Electric Panel. 


When Duratube and Wire Ltd. use p.v.c. to cover cables 


they use I.C.I. ‘Welvic’ 


HEN you are planning to use p.v.c. 

‘4 use I.C.I.‘Welvic’ p.v.c.compounds. 
‘Welvic’ is backed by the full force of 
I.C.I. research and technical service— 
and that service is available to you. If you 
would like to know anything about the 
range and properties of p.v.c. manufac- 
tured by I.C.I. have a word with one of 


IMPERIAL CHEMICAL 


PC.22 


INDUSTRIES 


this Company’s Sales Offices. They’ll be 
glad to hear from you. 

One of the most popular uses of p.v.c. 
is in covering cables. Here, cables made 
by Duratube and Wire Ltd., and covered 
with ‘Welvic’ are shown in the Royce 
Electric Panel made by Brentford Trans- 
formers Ltd. 


LIMITED 


IY JE, ILY 1G” 


‘Welvic’ is the registered trade mark 
for the p.v.c. 


compounds manufactured by I.C_1. 


LONDON 
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More protection for 
hands and machine 





TRIUMPHS OF SHELL RESEARCH 


® New Shell Dromus Oils 





Most modern soluble cutting oils contain phenolic 
compounds used as coupling agents between the 
oil and the emulsifier, for better blending and 
easier mixing. These phenolic compounds can 
cause skin irritation, especially where modern high- 
speed machines are used and the emulsion can 
concentrate, through the evaporation of water, 
above the safety level. 

Shell research chemists have been working on 
this problem, which has been causing some con- 
cern to Management. After considerable research, 
the Shell Dromus Oils have been reformulated and 
these new cutting oils now produce bland emul- 
sions, which considerably reduce the risk of skin 
trouble to operators. 

The real difficulty was to find a newcoupling agent 
to replace the phenolic compounds, and Shell finally 


The Research Story 


used what their chemists know as a higher fatty 
alcohol complex. This solved one problem, but pres- 
ented another. The new coupling agent was volatile 
at the high temperatures normally used in blending 
processes. Further research found a solution to this 
problem by designing and installing new plant. 
The new Dromus Oils are every bit as efficient as 
before and cost no more. They put Management 
in the welcome position of being able to minimise 
working hazards at no extra cost. And machine men 
need no longer be so worried about skin troubles. 
The moral of the story is that Shell research is 
supremely applicational. The centre at Thornton 
is always ready to work with even the most special- 
ised sectors to produce the right oil for the job. 
If you and your organization have any major 
lubricating problems, it pays to get in touch with 
your local supplier of Shell Industrial Lubricants. 


Shell chemists in the U.K., in Holland and in the U.S.A., prepared 
and examined hundreds of experimental soluble oils, and established 
that certain combinations of fatty alcohols could be used in place of 
phenolic compounds with no loss of efficiency. They set to work to 
discover the best combination and developed a higher fatty alcohol 
complex which fitted exactly. Then they realised that to blend this new 
coupling agent into soluble oils would require special plant and new 
blending techniques. 

Exhaustive testing of blend stability, emulsion stability, anti- 
corrosion and machining properties led to selection of the most 
promising blends. A pilot plant was set up to produce batches of 
these for use in field trials. 


This field testing and final development proceeded for two years 
whilst production plants were erected at points so chosen as to give the 
most economical and rapid delivery throughout the United Kingdom. 








This is the blending kettle. Th 
reflux condenser beside the stirrer 
motor prevents the loss of con- 
stituents volatile at the blending 
temperature. 


vw) DROMUS SOLUBLE CUTTING OILS 


another proof of Shell leadership in lubrication 
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the latest recorder offers: 





7 Direct writing but with galvanometer sensitivity a: 
frequency response 


Up to 36 recording channels 


Ultra Violet 
Recorder (all selectable by electrical switch — or 
Type 1185 , 


> 21 paper speeds 0-05”/sec. to 120”/sec. 


remote operation) 


5 speed timer (speeds automatically selected). Timin 
lines across full width of paper 





Recording paper any width up to 12”; capacity 200 fi 


Trace identification, six datum lines and event 
channel are standard fitments 


Recording frequencies D.C. to 5000 c/s 


Deflections up to 12” with our low frequency 
galvanometer 


Direct recording from thermocouples and strain 
gauges is possible without amplifiers, up to 250 c/s 


7 Dimensions only 19” x 16” x 17” 








Some representative galvanometer sensitivities (mA/cm) 


BB. 30 0.0008 
BB. 130A 0.0026 
BB. 160A 0.0045 
BB. 250A 0.0085 
BB. SOOA 0.04 
BB. 3000A 4.0 
BB. 5000A 10.0 


New Electronic Products Ltd 


MAKERS OF SCIENTIFIC MEDICAL AND INDUSTRIAL INSTRUMENTS 





Suppliers of recording instruments and systems to the aircraft and G.W. industries, 
Government establishments, Admiralty, etc., A.J. D. approved 


Head office and works: 360 Kennington Rd London SE11_ RELiance 5161 


24 Tick No 22 on reply card for further details NUCLEAR POWER November 1959 











bi 
.. 
+ 
; 
} 
: 






DIESEL-ELECTRIC 


MOBILE 
CRANES 


In addition to the MORRIS Mobile Crane shown in 
the appropriate modernity of Dounreay Nuclear Power 
Station, we illustrate the 6-ton M.120, 3-ton M.60 and 
6-ton M.100 cranes. 

The capacities, types and lengths of jib available, pro- 
vide a comprehensive range of robust, reliable cranes, 
designed to fulfil efficiently most industrial mobile crane 
requirements. 


For detailed particulars write for brochure $46/35. 


HERBERT MORRIS LTD P.O. BOX 7 - LOUGHBOROUGH - ENGLAND 


TELEPHONE: LOUGHBOROUGH 3123 
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MITCHELL COMPANIES 
are preparing specialist 
pipework and process 

plant for the 

U.K. Atomic Energy Authority 
at Dounreay, Chapelcross, 


Capenhurst & Springfields 
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MITCHELL ENGINEERING LIMITED 
ONE BEDFORD SQUARE LONDON 
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Sheepbridge 
centrifugally 
cast 


TUB 


thick walls thin walls 
long tubes short tubes 


In fact all sizes from 334” diameter 

to 30” diameter can be 

made in various lengths up to 12 FEET. 
Tubes are regularly being spun 

in all grades of Common Steels 

and Irons, Corrosion and Heat 
Resisting Steels, Nickel Base Alloys 

and certain types of Bronzes. 























SHEEPBRIDGE also have all the facilities for 
producing orthodox static castings in high alloy 
HEAT and CORROSION resisting steels. 


TYPIGAL TUBULAR APPLICATION 


YOU CAN BE SURE IF IT’S SHEEPBRIDGE 


(One of the Sheepbridge Engineering Group) Sutton-in-Ashfield, Notts, England 
SHEEPBRIDGE ALLOY CASTINGS LIMITED 


Telephone: Sutton-in-Ashfield 590 Telegrams: ‘Centrifugal’ Sutton-in-Ashfield, Notts. 
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seconds per cycle 
to 


100 


cycles per second 


Process Response Analyser 


Da 4 ° 
A precision electronic system designed for the 
complete evaluation of complex control 


mechanisms, systems or simulators. 


If your interest lies in the frequency range 
between 1 cycle in three hours to 100 cycles 


per second, write today for full details. 
7 =~ ~ 


~ 


f ew ~ \ 
4 6 / 
S@LAR [ RON The Solartron Electronic Group Ltd. 
f a wr Thames Ditton, Surrey 
\ i alll ow Telephone: EMBerbrook 5522 


~ ~ - 
a _— ae 
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permanently 


Me - ae BR 
corrosion-free piping , 
Sti 
Al 
Al 
Year by year, above and below ground, on 
piping made with High Impact Geon PVC - 


is carrying gas, water and effluent safely, 
reliably, efficiently. High Impact PVC piping 
is chemically inert therefore permanently 
resistant to solvents, rust, soil acids, 

and corrosive effluent of all kinds. 

It combines high tensile strength with 





lightness; ease of installation with 

economy of maintenance. 

Its unique combination of properties establishes 
High Impact Geon PVC as the ideal 

piping material for all industrial installations. 

For full information please write for Booklet No. 170. 


ensured with High Impact Geon PVC 


British Geon Limited 


A COMPANY IN THE DISTILLERS PLASTICS GROUP 





Geon is a registered trade mark 


SALES AND TECHNICAL SERVICE DEVONSHIRE HOUSE PICCADILLY LONDON W1 HYDE PARK 7321 
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im the 
NUCLEAR FIELD - - - 


Bucterfields produce Welded 
Pressure and Vacuum Vessels in 
Stainless Steel, Mild Steel and 
Aluminium, Aluminium Bronze 
Alloy, and Nickel, to any of the 
recognised codes. This includes the highest 
specification demanded by Nuclear Energy 
Establishments 











ILLUSTRATED ABOVE 


Stainless Steel Monitor Tanks for 
the United Kingdom Atomic Energy Authority. 


AND LEFT 

300 gallon capacity Liquid Nitrogen 
Storage Vessel. 

Standard capacities of 300, 450, 600 
and 850 gallons. Enquiries 

for larger or smaller vessels can 
also be quoted for on request. 


In addition to 


Liquid Nitrogen Storage Vessels 

for the U.K.A.E.A. Butterfields have 
supplied the same Authority with 
Irradiation Hood Tubes and Liners 
for the 

Chapel Cross Atomic Power Station. 





BUTTERFIELDS ARE EQUIPPED WITH 
WELD X-RAY PLANT, MATERIALS 
TESTING, METALLURGICAL, CHEMI- 
CAL AND MICROSCOPIC EXAMINA- 
TION LABORATORIES. FOR ANY 
REQUIRED CLASS OF WORK 

















Butterfield 





STAINLESS STEEL 
EQUIPMENT 


W. P. BUTTERFIELD LTD. P.O. Box 38 Shipley 
Yorkshire Telephone: 52244 (8 lines) 
Please mark 


all Branches: London Tel: HOLborn 2455 (4 lines) 

enquiries Birmingham Tel: EAS 0871 & EAS 2241 Bristol Tel: 

hd hd 27905 Liverpool Tel: CENtral 0829 Glasgow Tel: 
CENtral 7696 Dublin Tel: 73475 & 79745 
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VERSIL GLASS FIBRE INSULATION IN ACTION 
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THE VERSIL CORRUGATED-CONSTRUCTION 
METHOD OF INSULATION 


HE = =VERSIL PATENTED CORRUGATED-CONSTRUCTION self-supporting and of great mechanical strength: th ve 

method of insulation (Patent No. 588701) is suitable is no direct-contact between the boiler shell and «12 

for all types of boilers, storage tanks or other vessels, corrugated metal sheeting : the removal of sections aid 

and is unique in that—under ordinary circumstances glass fibre insulation (as shewn) for boiler inspection is 
the first expense of covering is the only expense, simplicity itself. 


and the complete insulation lasts the lifetime of a 


For export, the insulating blankets and corrugatd 
boiler, cylinder or tank. 


sheeting can be prefabricated to correct sizes, drille |, 
The illustrations show the construction method: it lettered and numbered before dispatch. The structu 
should be noted that the protective metal sheeting is can then be fitted by unskilled labour. 
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Top left: Two thermal storage vessels 
with Nuconomisers on boiler house 
roof insulated with Versil Glass 
Fibre “Corrugated - Construction” 
for N. Corah (St. Margaret), Ltd., 
St. Margaret's Works, Leicester. 


Top right: Four double drum 
Babcock & Wilcox boilers insulated 
with Versil Glass Fibre *“*Corrugated- 
Construction” at the works of 
J. & H. Bleakley, Ltd., Prestwick, 
Manchester, for the Bradford Dyers’ 
Association, Ltd. 





Left: An Economic type boiler 
insulated with Versil Glass Fibre Above: Two Spencer-Bonecourt waste heat boilers insulated 
“Corrugated-Construction” at the with Versil Glass Fibre ‘Corrugated-Construction” for 
Bristol works of T. Lucas & Co.,Ltd. Spencer-Bonecourt, Ltd., at the North Eastern Gas Board, 
Gas Works, Seamer Road, Scarborough. 


ae, 


Invitation to readers of NUCLEAR POWER 





¥ 
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‘ 
x 
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You are cordially invited to ask for a complete set of VERSIL 
literature dealing with Thermal Insulation. In addition, we 





: remind you that Versil’s Contracts and Service department is { “~ 
' . . . i se 
' available to all bona fide heating engineers for advice ane fo 
5 assistance. Please write to Versil, Limited, Rayner Mills, Q 
5 Liversedge, Yorks. Telephone: Cleckheaton 2571/3. rl 
) wi 
d 
ee SOOO OOOO OOOO OOOO st} 
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Versil “Corrugated-Construction” applied to two 
Belting & Asbestos, Ltd., Cleckheaton. 


“Corrugated-Construction” is ideal for dispatch overseas, when insulating 
sections are prefabricated to correct sizes, drilled, lettered and numbered 
for easy assembly. The whole structure can be fitted by unskilled labour. 


Three vertical hot water tanks each 30 ft. high X< 8 ft.6 in. diameter fitted 


with Nuconomisers insulated with Versil Glass Fibre “Corrugated-Con- 
struction” at The Home Brewery Co., Ltd., Daybrook, Nottingham. 
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The new 231 R Computer N EW 


can hold up to 100 
amplifiers and other 99 ag 7 95 
related non-linear equip- 


ment. New removable patch 


panel greatly speeds AN A ele 
programming. Optional 
items include digital 


potentiometers and ADIOS CO | U i: 
(automatic digital p BR 
input-output system) 

3 





. with highest precision : 0,01 0/0 














Dataplotter 1133 A. 131 R Analog Computer Eight Channel Rectilinear Variplotter 1100-D 
Recorder 1902-D 

Electronic Associates, Inc. has been the world's 

leading producer of Analog Computers and Plotting 

Equipment or over 5 years. For further information 

on their PACE Equipment the European Sales Office 

and Computation Center at Brussels is ready to assist 


European Industry 





Rental facilities at European Computation Center in Brussels. 
Electronic Associates Application engineers are available to 
assist clients with their problems. 












PRODUCERS OF 


annie ELECTRONIC ASSOCIATES, INC. 


SNNN AS eee Naees 





ANALOG COMPUTERS 


EUROPEAN SALES OFFICE AND COMPUTATION CENTER. 


43, rue de la Science - Brussels - Belgium - Tel. 11.43.69 
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FORGINGS IN SPECIAL ALLOY STEELS 





| for 






NUCLEAR POWER 
PLANT 


| 


H.P. AND L.P. TURBINE SHAFTS 
ALTERNATOR ROTOR SHAFTS 
ROTOR SLIP RINGS 
ROTOR END CAPS 

FAN COVER PLATES 
FAN BACK PLATES 

OIL SEAL FORGINGS 
HYDROGEN SEAL RINGS 
FLANGES 

GEARING FORGINGS 


ALLOY STEELMAKERS * FORGEMASTERS * STEEL FOUNDERS * HEAVY ENGINEERS 


THOS FIRTH & JOHN BROWN LIMITEO 2 SHEFFIELD . ENGLANO 
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Uf you are in Th 


the standard ‘*FE’’ compressor units 
can be assembled to suit your exact 
requirements for AIR AT LOWER COST 


Class “FE” compressors are suitable fa 
haudling gasses other than air. 








The advantage of standard Consolidated Pneumatic “FE” class compressor A Consolidated Pneumatic four-cylinder, 

° P ‘. ‘ ‘ ‘ ‘ a four-crank, two-stage, double-acting horizor 
units is that they can be built up into single or multi-stage installations balanced-opposed Class FE-42 Compressor. 
os ° . This unit requires 650 H.P. and delivers 
giving Outputs up to 5,000c.f.m. or pressures up to 3,000 p.s.i. to suit exact 3600 c.f.m. at 100 p.s.i. working pressure. 
individual requirements, thus giving the most efficient return in terms of air 
delivered for power consumed. And, because the machines consist of 
standard units, the basic engineering cost of the plant as a whole is lower. 
Further, the virtues of the balanced-opposed design of these units are such 
as to effect considerable savings in foundation work, floor space and 


maintenance costs. In every way, ““FE” compressors mean air at lower cost. 


an a a a a a ee ee ee C—O 





TOUTE cLass “Felcc 


MAKERS OF AIR COMPRESSORS AND 480 DIFFERENT MODELS OF POWER TOOLS 


_ nahn ie wet i Ni ile RNR AND ise LN EA iy POR NEE BE Ce a 
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Class | 
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For furth 
this form 
heading. 
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CONSOLIDATED PNEUMATIC TOOL CO LTD . DAWES ROMLONt 
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cS 
A Consolidated Pneumatic two-cylinder, two-crank single- 
stage, double-acting, horizontal balanced-opposed 
i Class FE-21 Compressor. This unit requires 250 H.P. and 
* ) is designed for boosting natural gasses to a pressure of 75 p.s.i. 


ADVANTAGES OF THE BALANCED-OPPOSED DESIGN 


ul In the *‘FE”’ compressors, the crankcase and frame 
are centrally positioned with cylinders on opposing 
sides, the drive being obtained by a double-throw 
crankshaft. The resulting perfect dynamic 

balance makes for far greater compactness and 
virtual freedom from vibration, space and 
foundation work being reduced to a minimum. 
Also, the considerably smaller load imposed on 
main bearings, together with slow operating speed, 
‘zon ensure an extremely long life of continuous 
SOF. | operation with very little maintenance. 





For further information complete 
this form and pin it to your letter 
heading. 


OoMLONDON . SsSwé6 
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1. The basic Class *‘FE” crankcase 
and running gear, showing also 
compactness achieved by using 
engine-type, salient-pole motor. 


2. Different-size cylinders can be 
fitted, one-, two-, three- or four- 
stage machines being available. 


3. Large outputs are obtained by 
increasing the number of cylin- 
ders and working off a common 
crankshaft. 





This form will bring you a descriptive catalogue on Class ‘‘FE’? 
Compressors, but if you would like advice on a projected plant, your 
enquiry can be dealt with more expeditiously if the following 
information can be provided: 


. Output required in cubic feet per 
minute at intake pressure and 
temperature. 

. Intake temperature and humidity. 
. Intake pressure, 

. Discharge pressure, 


. Type of drive motor, voltage, etc. 


. Temperature of cooling water and 
type of cooling circuit. 





. Aftercooler, if required, and tem- 
perature of air at discharge from 
aftercooler, — 





. Purpose for which compressor is 
to be used. 
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Theres. wa excuse for 
CORROSIO 





teeueeeee ‘ ° 
we ee ee ee “eavecow toes, 



















Many thousands of tons of steel are lost 
through corrosion every year and much of 
this can be saved. There is a remedy. 
**Superlative’’ Metal Primer provides a 
positive protection against corrosion for all 
ferrous metals. It is quicker and easier to 
apply than conventional Lead Coatings and 
is infinitely cheaper. But, as efficiency is the 
factor that matters, and ‘‘Superlative’’ is so 
economical and so effective, it pays to specify 





O44 CORROSION 
AT THE SOURCE 








Our Techniservice will gladly answer all enquiries. 


BRITISH PAINTS LIMITED 





Portland Road, Newcastle upon Tyne, 2. by APPOONTMENT 10 
HER MAJESTY QUEEN ELIZABETH 11 
Northumberland House, 303/306 High Holborn, London, W.C.1. 31 Wapping, Liverpool, 1. eee oe 


BRITISH PAINTS LIMITED 
BELFAST* BIRMINGHAM * BRISTOL * CARDIFF *‘ GLASGOW * LEEDS * MANCHESTER* NORWICH * PLYMOUTH 
SHEFFIELD * SOUTHAMPTON * SWANSEA AND ALL PRINCIPAL TOWNS 
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ANY CASE 


Cases? Consoles? Open, enclosed, F/V 

or I/V Raks? Electrical cubicles? Choose 

from the widest range of expertly 

designed ‘standards’ and save money. 
Usually, Imhofs can supply the case you want 
from stock plus a variety of chassis, panels 
and strong, good-looking handles 


ANY SIZE 


You can have anything from small 
instrument cases to the largest console 
installation, as used by major electrical 
undertakings, without paying a penny 
for tooling. Imhofs standard cases 

are available in a variety of sizes specially 
designed to meet most requirements 


ANY TIME 


Cases in a hurry? It’s no problem at all 
to ImHofs! All Imhof ‘standards’ are 
available on 7 days’ delivery (even less 
in special circumstances). Generous 
discounts for quantity orders. Fully 
illustrated catalogue sent on request 


























































ALFRED IMHOF LIMITED - Dept. NI! Ashley Works - Cowley Mill Road - Uxbridge Middx. - Uxbridge 6231 
Export & London Showrooms: 112-116 New Oxford Street WCI + Museum 7878 


IMHOFS AGENTS OVERSEAS 


FINLAND Oy Scienta Ab, Helsinki PORTUGAL Projectos e Construcoes Lda, 
AUSTRALIA Aladdin Industries (Pty) Ltd, GERMANY Sunvic Regler GMBH Lisbon 
Stanmore, N S W Solingén SWEDEN’ Elektronlund AB, Malmo C 
BELGIUM Roge'ec, Ghent HOLLAND J.Th. van Reijsen, Delft SWITZERLAND Walter Blum, Zurich 2/39 
CANADA Measurement Engineering Ltd, ITALY Prodel SPA, Milan u.S.A. Bud Radio Inc, Cleveland 3, Ohio 
Arnprior NEW ZEALAND Imarex Ltd, Auckland C3 BRIT. GUIANA Davsons Carribbean Agencies Ltd, 
DENMARK Tage Schouboe, Copenhagen N NORWAY Birger Christensen, Oslo Georgetown 
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tt The remote 

— handling and 
O machining of radio-active 
materials calls for design and 
construction ofequipment by engin- 
eers who haveasound background 
in special-purpose machinery 
and machine tool production. 
More important, they must 
have a detailed knowledge 
and appreciation of the 
problems peculiar to 
the Nuclear Industry. 


J.EVANS 


& SON @ortsmoutn LTD 


We have both the engineering 
skill and ‘“‘know-how.”’ With the 
close collaboration of the United 
Kingdom AtomicEnergy Authority, 
we have already designed and 
installed equipment at the Dounreay, 
Windscale and Springfields plants. 
The illustrations show the exterior and 
interior installation of a remotely con- 
trolled precision lathe for the machining 
of irradiated fuel elements at Dounreay. 
We shall be pleased to visit you at any time 
and you are cordially invited to our works 
where selected films and a most interesting 
range of activities can be seen. 


MARCYN WORKS, 
GOLDSMITH AVENUE, PORTSMOUTH 
Telephone: PORTSMOUTH 32233 
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*Some recent developments in manufacturing techniques 


and special applications of tubes in a variety of metals... 





NO. 8 OF A SERIES BY ACCLES & POLLOCK | 


Fuel element support bridge 
made in a $°% copper, $°, molyb- 
denum, zirconium alloy. These 
bridges for Berkeley Nuclear 
Power Station are attached to 
graphite columns and so provide 
a framework for individually sup- 
porting each fuel element. 




















Stainless multi-bore tubing for 
ultrasonic drilling of Germanium. 
The outer tube is 1-100” od x 
050” thick and the eighty inner 
tubes are each -100 Od x -005” 
thick. 





Designers have a habit of asking for the impossible, but in a sur- 
prising number of cases Accles & Pollock produce an answer that 
enables the production people to translate the concept on the 
drawing-board into a physical, functional form. Accles & Pollock 
welcome all such opportunities to co-operate in developing new 


applications in the form of tubes and tubular sections. 











| 
| 
| 
| 
This sixteen fluted section is | 
made from “B” Quality and 
‘““FMB” stainless steel. The sec- | 
tion is 2” o/d x 1°694” plain bore, | 
the maximum thickness -156” and | 
the minimum thickness 044”. | 
| 
| 


Accles & 


Pollock 





Technical Information Sheets discussing tubes and their applications are availa ble on request 
ACCLES & POLLOCK LIMITED - OLDBURY - BIRMINGHAM: A () COMPANY 


Makers and manipulators ofp COLD DRAWN SEAMLESS and WELDED PRECISION TUBES in carbon and alloy steels, including stainless steel and other metals 


tBw/279 
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Main CO, Duct Isolating Valve for Nuclear Reactor Power Plants for 
working pressures of 10 kg/cm? and 400" C. 


ABSPERRKLAPPEN (Pat. throughout the world) 


The design of the ERHARD-Absperrklappen is not limited to the afore- 
mentioned temperatures and pressures, and we are ina position to manu- 
facture valves in order to meet the severest temperature and pressure 
conditions arising in nuclear reactor power plants. 


External means are used in order to urge the disc sealing ring on to or 
away from the valve seat for closing or opening the valve. Operation 
can be effected according to requirements by hand, electric, pneumatic 
and hydraulic means 


For all information write to: 

The Sole Agents for the United Kingdom 
A. K. STARCK’S CO. LTD. 
22, Chancery Lane London W.C.2 


Telephone Holtorn 2966 Cable: Akstar London 





JOHANNES ERHARD H. WALDENMAIER ERBEN 


SiddeutscheArmaturenfabrik Heidenheim anderBrenz Western-Germany 
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At Dounreay sl 
Crossley Diesels drive these 





Versatility and reliability, these are the qualities 
demanded of the diesel plant and at the United Kingdom 
Atomic Energy Authority’s nuclear power station at 
Dounreay for the widely differing duties carried out by 
the 34 Crossley Scavenge Pump two-cycle diesel engines. 


MAIN GENERATOR HOUSE—FAST REACTOR 
Twenty ‘“‘ESL’’ five cylinder engines, rated at 
200 b.h.p. at 600 r.p.m., driving 120 kW Bruce Peebles 
alternators and six ‘‘ES Vee”’ eight cylinder engines, 
rated at 360 b.h.p. each at 600 r.p.m. driving 220 kW 
Bruce Peebles alternators. 


STANDBY SETS FOR MATERIALS TESTING REACTOR 
Three ‘‘ESL”’ five cylinder engines, rated at 200 b.h.p. 
each at 600 r.p.m. driving 120 kW Bruce Peebles 
generators and arranged for automatic starting. 


SEA-WATER PUMP HOUSE, FAST REACTOR 
Four “ESN” eight cylinder engines, rated at 320 b.h.p. 
at 600 r.p.m., each driving a Gwynnes vertical spindle 
centrifugal pump. 


FAN VENTILATION HOUSE 
One ‘‘ESN”’ three cylinder engine rated at 192 b.h.p. 
at 960 r.p.m. arranged to start up automatically on 
mains failure and take over without interruption of 
of the ventilation system. 








Crossley Scavenge Pump Diesel Engines are also installed 
for vital duties in nuclear power stations at Calder Hall 
‘A’ and ‘B’; Chapel Cross; Berkeley; and Bradwell. 








CROSSLEY BROTHERS LIMITED : OPENSHAW : MANCHESTER. 11 
C434/r 
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Scintilators in 5 forms 


Scintillators in five forms are now available 


from Nash and Thompson Ltd. 


E 

CRYSTALS 

Anthracene, Stilbene, Diphenylacetylene, in 
y discs and cylinders. 


PLASTICS 


— N.I1 and N.11-X-ray, high sensitivity, high trans- 


mission polyvinyl toluene based. 


Ready made, sealed in glass containers to your 
specification, or as scintipaks. 
<= p : p 
\ 
\ SCINTIPAKS 
Accurately mixed dry constituents sealed in polythene 
envelopes, ready for dissolving in a suitable solvent 


~ as required. 


Scintillation purity chemicals for crystal growing 
experiments, and the manufacture of special 


scintillators. 


Write or telephone for full information to 


Nash and Thompson... 


OAKCROFT ROAD * CHESSINGTON * SURREY * ENGLAND 
ELMBRIDGE 5252 
WHG/NT64 
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WAS THIS THE ORIGINAL HAT TRICH ? 


The crowd at Shotley Bridge, County Durham, gaped 

when Robert Oley arrived, empty handed. 

Two weeks before, he had made a bet that he—a leading swordmaker 
could make a better spring than the leading smiths in the area. 

Little else had been talked of since that day, and now here was the 
challenger, apparently come to admit failure. 


Then Robert Oley doffed his hat to reveal inside the spring he had made 
a spring which was in fact a fine, neatly coiled, double-edged sword ! 


Robert Oley had won his bet ! 
Such was the quality of Shotley Bridge steel, when in the hands 








of a master craftsman. . .and this as far back as the eighteenth century. 
You should have The district, famed in the past for its sword-making, has retained its 
. name for special steels. Consett, overlooking the original site 
this Book P ; 8 6 ; 


now carries on the proud tradition in spheres never envisaged by 
the ancient craftsmen. 


@ Today, Consett Iron Company Limited manufactures 
many Special Steels and has recently produced a booklet on 
its work. You will find this booklet interesting reading. 


A postcard will bring you a copy 


CONSETT IRON COMPANY LTD. 
CONSETT - COUNTY DURHAM 


Telephone: 341 (12 lines) Telegrams: Steel, Phone, Consett 
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IMPORTANT | 
DEMINERALISATION | 
PLANTS 














William Boby & Co. Ltd. have been entrusted 
with the execution of the demineralisation water 


treatment plants at: 





CHEMSTRAND LTD., N. Ireland 


(Main Contractors : Messrs. Constructors John Brown) 


For their new ‘ACRILAN’ factory at Coleraine, N. Ireland, Messrs. Chemstrand have 
installed a 10,000 galls./hr. ‘Boby’ demineralisation plant for process and boiler feed water. 


The plant comprises the following sections : 


Coagulation and Settlement — Filtration — Cation Exchange — Weakly basic Anion 
Exchange — Degassing — Mixed Bed Ion Exchange. 


VEITSILUOTO 0/Y, 
Finland WATER 


The Veitsiluoto paper mills of Finland have installed 
a 13,400 galls hr. ‘Boby’ demineralisation water treatment 
plant for feed water for boiler working at 1,750 p.s.i. 

The plant comprises the following sections : 


Coagulation and Settlement—Filtration— Cation Exchange TREA | M EN ] 
Weakly basic Anion Exchange — Strongly basic Anion 


Exchange. 





Established in 1875 





WILLIAM BOBY & GO. LTD. 


RICKMANSWORTH, HERTFORDSHIRE, ENGLAND. Telephone: Rickmansworth 425I* 
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“All the world’s j 
Our stage’... 


Manufacturers 
all over the world 
have discovered the 
importance of fitting 
SUPERFECT Oil Seals and 
Hydraulic Packings for per- 
fect performance under 
the most exacting 

conditions. 






There is 
a type of Seal 
to meet virtually 
every need. When a 
new project is in the 
course of development, 
our Research Depart- 
ment is available for the 
SUPERFECT solution 
to every sealing 
problem. 


A Brand 
new catalogue - : 
is in the course of “ 
preparation. May we 
reserve one for you. Our 
technical representative 
will be pleased to call 
by appointment 
to discuss your 
particular 


aK ON problem. 
uPE FECT SUPER OIL SEALS & GASKETS LTD. 
Sv 


KINGS NORTON FACTORY CENTRE, BIRMINGHAM, 30 
Manufacturers of ‘SuPerfect? Hydraulic Packings and ‘VU’ Rings; ‘Romet’ water pump 
seals and mechanical pump seals; ‘ Aeroquip’ Flexible Hose with detachable re-usable fittings ; 
‘Fidrac’ Mechanical rubber mouldings; ‘Redcaps’ Polythene Protective Caps and Plugs. 
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e DROPTIGHT © COMPACT 
¢ LOW COST 
© NON-JAMMING 


e SEALING BY 
AUTOMATIC INFLATION 


The reliability of this patentéd method of 
sealing has been proved in hydro-electric 
installations—after 25 years of service at 
heads up to 500 ft the original seals were still 


Thala 


STAINLESS 
STEEL SEAT 


PIPELINE 
PRESSURE 
TO SEAL 


















low pressure 


butterfly 
valves 


Low Pressure Butterfly Valves suitable for gases and fluids— 
including sea water. Vertical or horizontal mounting. Hand or 
power operated. Range 36 to 120 inches. Larger sizes to order. 


Around the periphery of the valve blade is the expanding seal. 
With the valve closed the inside of the seal is subject to pipe-line 
pressure. This pressure balances external pressure and prevents 
seal from collapsing away from the seating. 


Boving 


& COMPANY tIiMiITED 


WATER POWER ENGINEERS 


VILLIERS HOUSE 4i—47 STRAND, 
LONDON, W.C.2 


PIS+4 
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Do you require 


HIGH PURITY 
Argon? 


For the removal of 

moisture, oxygen and nitrogen. 
For cleaning up the 
atmosphere in glove boxes. 
For welding or for any other 
application where the need 
arises to remove one or more 


of the above impurities. 











THE MARK IV SELF-CIRCULATING GAS PURIFIER 


Supplied in single or in tandem units for long process work. Fully instrumented. Fully automatic 


WESTERN DETAIL \ 25° \ 7 MANUFACTURERS LTD 


| WESTERN WORKS, // CS; STAPLE HILL, BRISTOL. 


Telephone 65-6141/2 3 Telegrams: Aries, Bristol Cables: Aries, Bristol, England 
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the name of y 
CAMBRIAN WAGON & ENGINEERING CO. LTD. 4 






has been changed to 
POWELL DUFFRYN ENGINEERING CO. LTD. 


The Company will continue the production of all forms of railway 
rolling stock whilst expanding its activities in other fields including 


liquid storage tanks, process and pressure vessels, and the fabrication 


and erection of bulk storage installations. 


In addition the Company has now undertaken the manufacture under 
licence of 


71nA € 


Dae 
OWPsvis 


SYSTEMS 


a complete range of mobile equipment for waste and materials handling. 





POWELL DUFFRYN ENGINEERING CO. LTD. 


CAMBRIAN WORKS, MAINDY, CARDIFF 
Telephone: Cardiff 29611 Telegrams: PEEDENG, CARDIFF 
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SOLID GLASS 


RADIATION 
SHIELDING 
WINDOWS 





Measuring up to4ft. 6inches x3 ft.x 10 inches thick 
or up to 12 inches thick for slightly smaller sizes. 
Available as polished glass blocks or as complete 
composite windows fully framed for insertion in 
the shielding wall. A range of densities is available 
in both stabilised and unstabilised glasses. 


Our Technical Advisory and Design Service exists 
to help you solve your Radiation Shielding Window 
problems. Please write to us for full details. 


CHANCE-PILKINGTON OPTICAL WORKS 
Pilkington Brothers Limited 
St. Asaph - Flintshire 





(TTS. «TS NR A PRES RR 
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STAINLESS STEEL 
FABRICATIONS 


UKAEA CLASS C APPROVED 








Pressure Vessels of all classes. J 
Vessels for Storage and Transport. SS” 
Condensers and Heat-Exchangers. 

Pipe work and Pipe fittings. | 

Laboratory Equipment and Holloware. 


Ducting and other stainless steel sheet 
metal work. 


X-ray weld inspection 


We are specialists in the manufacture of 
Stainless Steel Products, and consequently 


250 gallon Class ] iain ea p ave san: f 
pg -tg l have gained an exceptional knowledge o 
tion Vessel. Designed this material, and the working of it. Our 
for a working pres- . ° ° ° . ° 
sure of 800 Ib. per staff are skilled in design of equipment in 
sq. inch. this metal, and our workpeople in_ its 
manipulation. You could therefore, place 


your requirements in no better hands. 





We have at our disposal a large machin- ™ 
ing and fabricating capacity, and are able 
to handle all types of fabrication up to 7 
tons weight. 


THE TAYLOR RUSTLESS 


FITTINGS Co. Ltd. 


Head Office: Ring Rd., Lower Wortley, Leeds, 12. Tel: 638711. PBX 
London Office: 14 Great Peter Street, London, S.W.1 
Tel: Abbey 1575 














oe 


Tick No 50 on reply card for further details NUCLEAR POWER November 1959 








a 
+ 
. 
+ 
* 
. tee 
a a>) 
ey 
p 
a 


? 
ne 
eo" 
a 
eed | 
” sia 














, ‘ * » dh on et 

5 RCE Se aa 

py ‘ eis ae Val 7 5 

xe On ae nd MN ‘ 

; *Ace zs. pears i? s 
* Ca, ate’, oe - . 
ula it unt oe roe Reso i ees crea bs oar? 
. . ¢ Li gf ow a a . | 
¢ Sagat io feos > SL adl of” ' 
- ie eat . ey i -- 4 . , 





alk 7 . 

; J ; 4 w oto. Se er r _ : 
.4 ety . ape ." *- 47 oe . . . . 

: i! Ae - } 


hes. 
. ‘ ye ae 


MUREX “MURAFLUX A” for submerged-arc welding 


““Muraflux A” is the first of a new range of Murex been granted approval by Lloyd’s Register of Shipping 
granular fluxes for submerged-arc welding. It has and is accepted by the Ministry of Transport. 

been specially developed for the welding of mild steel **Muraflux A” is suitable for either the single pass or multi- 
by ali machines using A.C. or D.C. for submerged-arc pass welding of various joints in mild steel as well as plug 
welding. welds and the building up of worn mild steel parts. Good 
The flux may be used with ordinary filler wires but is penetration can be obtained and unfused flux can be re- 
specially recommended for use with “Murawire WI” or covered for further use. 

‘““Murawire W2™ supplied by Murex. When used with these **Muraflux S.1” granular flux for the submerged-arc welding 
wires, “‘Muraflux A” produces welds of high radiographic of stainless steel is also available with the appropriate 
standard suitable for Class | work, and the flux has Murex S.W.1 and S.W.2 filler wires. 


A complete service for automatic welding 


MUREX WELDING PROCESSES LTD. WALTHAM CROSS, HERTS. 


T.32 
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|) Bristol Siddeley 
provide a comprehensive 
range of high precision 
recirculating ball and lead 
screws and splines for 


universal applications. 


seheemeee: 


1 AAA & 











HIGH EFFICIENCY 
BACK-LASH ELIMINATION 
LONG LIFE 


LOW MAINTENANCE FACTOR 


Up to 80% reduction in power can be achieved for 
actuation compared with conventional methods. 
Ability to run at high temperatures with and 
without lubrication. 

Over 2,700 applications already established in all 
fields of engineering. 

Complete technical and manufacturing co-operation 
with Beaver Precision Products Inc., Detroit. 


BRISTOL SIDDELEY ENGINES LIMITED 
COVENTRY - ENGLAND 
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A special project, being the result of 
special thought, demands a careful choice 
of materials. The four cooling oil jackets 
of the R.F. particle accelerator—part of 
Special the 7 GeV proton synchrotron sited at 
the Rutherford High Energy Laboratory, 
= Harwell—have to be structurally strong 
Project but non-magnetic. Each has to carry 
3,000 Ibs of ferrite core in oil at 9 p.s.i.g. 
The choice was glass cloth/epoxy resin 
laminates moulded by Marston. 
Marston's experience proves that reinforced 
plastics, used appropriately, are better, 
cheaper and weight-for-weight stronger 
than equivalent constructions in metal. 
And they combine resistance to fire and 
corrosion with electrical and thermal insulation. 












Reinforced plastics could solve your design problem 
—why not consult us now ? 


MARSTON EXCELSIOR LTD 


(A subsidiary company of Imperial Chemical Industries Limited) 


FORDHOUSES, WOLVERHAMPTON 





MAR.271 
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precision in pressure measurement 


NOW AVAILABLE— 
GENERAL-PURPOSE PRESSURE TRANSDUCER —TYPE NT. 4-313 


FLUSH DIAPHRAGM 

STAINLESS STEEL CASE 
MINIATURIZED—5/8’ DIAMETER 
LINEARITY & HYSTERESIS 0.75% 
INSENSITIVE TO ENVIRONMENT 
INDIVIDUALLY CALIBRATED 


Write now for details of this new 
range of Solartron Transducers 


or Mic. spea—aiaalaldiaee. 8 

oe a \ 

{ og og \ 
CR) p)- Yo) \ 
SOLARTRON 

\ 
‘ | 
\ - bios call P 


~_~-—---— ~ - 


THE SOLARTRON ELECTRONIC GROUP LTD., 


Transducer Division, Thames Ditton, Surrey 


Tel: EMBerbrook 5522 Cables: SOLARTRON, Thames Ditton 


56 


International Telex: 23842 Solartron T.Dit. 
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BRIEF SPECIFICATION 


OUTPUT: 


STANDARD 
PRESSURE RANGES: 


COMPENSATED 
RANGE: 
ZERO SHIFT: 


LINEARITY & 
HYSTERESIS: 


DIMENSIONS: 


NUCLEA 


Nominal 20 mV at 5V, DC 
or AC r.m.s. (0-20 Ke/s) 
excitation. 

0-100 p.s.i. to 0-5,000 p.s.i. 
gauge or absolute. 

Lower and higher ranges 
available on special order. 
Temperature compensated 
—65 F. (— 55°C.) to 
250°F. (+ 110°C.) 

Not greater than 0.01% 
full output per °F. 

Less than 0.75% full output 
up to 2,500 p.s.i.g. + 1.0% 
full output above 2,500 
p.s.i.g. 

8” (15 mm) nominal dia- 
meter, 1” (26 mm) nominal 
length. 


Manufactured under exclusive licence from C.E.C., CALIF., U.S.A. 


R POWER November 


1959 
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The silhouettes of the atomic power stations, strange and new a year or 
two ago, are today familiar to technical men. 

Keeping pace with new developments for over 75 years, “Tornado’ fan 
engineering equipment now finds itself quite at home in these strange 
landscapes, assisting in the exacting work of the UKAEA establishments. 
Among the equipment we have supplied for Dounreay is fan equipment for 
the vessel ventilation system, the Highly Active Liquor Store and the 
Billet Production Plant. 

In addition, equipment has been installed at Aldermaston, Capenhurst, 
Foulness, Harwell, Risley, Springfields and Windscale and other Keith 
Blackman fans and blowers are being used experimentally elsewhere. 
If the problem involves the handling of air or other gases, contact 


Keith Blackman Ltd 


MILL MEAD ROAD LONDON N17 
BIRMINGHAM - BRISTOL - GLASGOW - LEEDS - LEICESTER - MANCHESTER - NEWCASTLE 


Tick No 55 on reply card for further details 








‘Tornado’ equipment includes: 
CO, Coolant Blowers and Heat 
Exchanger Cooling Fans. Fans 
for Ventilation, Dust Removal 
and High Temperature 
Extraction. Blowers for Gas 
Boosting, Dry Scrubbers and 
Vessel Ventilation. Also Air 
Sampling Compressors, Air 
Flow Control Units, Back 
Pressure Valves, Steel 
Fabrications and the Keith 
Blackman-Broman Ekstrom 
Shot Cleaning of Heat 
Exchangers. 


TA2315/988 
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Automatic or remote control of 

processes and temperatures in most cases results in higher 
production and improved quality. The 

size and variety of process control problems 

is increasing. To meet this demand, the Magnetic Valve 
range of automatic control valves and equipment has 
been extended to provide highly reliable 

control of low, medium and high-pressure 

hot water, saturated steam, town’s 

gas, coke oven gas, oil, compressed air, 

refrigerants, and many other industrial 

liquids and gases. Magnetic Valves give 

immediate response under all industrial 

conditions and have established a reputation for 
hard work, long life and absolute reliability. 

They do not use driving shafts, glands or 

stuffing boxes and can be fitted with 

flameproof coil cases if required. Full technical 
details of this extensive range of valves and 
equipment are contained in our new brochure 

No. 65. Why not write NOW for your copy? 
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If you have a problem involving the design, installation and 
satisfactory operation of automatic control equipment, 
you'll find our Technical Advisory Service of great benefit. 













Magnetic ‘R’ Type 
Single-Beat Stop Valve with 
Flameproof Solenoid Enclosure 12” Magnetic Safety Cut-out Valve with Special Lever 





Magnetic ‘R’ Type 
Single-Beat Stop Valve 





The Magnetic Valve Company Ltd 
7 KENDALL PLACE + BAKER STREET * LONDON W.1. Telephone: HUNter 1801/4 
MV3 
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Special Applications 


Since the early days at Harwell, Whartons have been prominent in 
the design and development of special-purpose cranes to meet new 
requirements in the atomic energy and allied fields, both in the 
United Kingdom and abroad. 

If your handling problem is unusual please give us the opportunity of 
discussing your requirements. Our Technical Staff is available to visit 
you at any time in an advisory capacity. 


THE WHER TOR CRANE €& HOIST CO.LTD 


REDDISH STOCKPORT ENGLAND 


Phone : Heaton Moor 2227. Grams : ** Gallant, Manchester."’ Code : Western Union. 
NDON R 296 302+ H Y 1 F y 7919 ms. Chancery 7911 














662. 34 A # Street. Braamf 


REPRESENTED IN PRINCIPAL COUNTRIES THROUGHOUT THE WORLD 
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Spinning 
SAVES META 


—CUTS TOOL COST5 


The design and production >f 
Pressure Vessels may «x 
greatly facilitated by usiig 
dished and flanged ends spun 
by Harveys on the Rotarpres 
lney combine semi-ellipsoidal 
form with large knuckle 
radius. A substantial reduc- 
tion in plate thickness can be 
effected, and- in most cases 
tool costs are eliminated. 

















‘Rotarprest’ Ends for Pressure Vessels 
can be supplied in Mild, Alloy and Clad 


Steels and Non-ferrous Metals. The capacity 
of the Rotarpress ranges from 5 to 15 feet 
diameter, and }” to 4” thickness. Knuckle 
radii and depth may be varied to meet 
individual requirements. 

Please ask for List No. NP 965 giving full 


range of sizes. 





G. A. HARVEY & CO. (LONDON) LTD. 
WOOLWICH ROAD - LONDON, S.E.7 


Telephone: GREenwich 3232 (22 lines) 
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HAVE DESIGNED A RANGE 
OF GAS BEARING 
COMPRESSORS CAPABLE OF 
HANDLING GASES 
uP TO... 

2,000 psi and 700°C 


with input-powers up to 2,000 hp 
They have many advantages 


They are: 

Free from lubricantcontamination 
Totally enclosed, needing no me- 
chanical seals 

Practically maintenance-free 
Capable of operating over a 
wide range of temperatures and 


pressures 


BRISTOL SIDDELEY ENGINES LIMITED + COVENTRY 
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a place m the fall of Kame 


What is special about Harland Ulectriglide submersible pumpsets. 


Pump and motor built under the same roof by men with 
over 50 vears’ experience on the manufacture of borehole 
pumps and associated electric motors. 


Harland commenced the development of é a OM 
series 

¥ = te \ 
submersible pumpsets 25 vears ago and have ee 
gained wide experience in the balanced design } 


of the two components. 


The Harland submersible motor 
is of the all wet type and is 
therefore easy to maintain and 
overhaul as it does not rely on 
special seals between rotating 


and stationary parts. 


A special study has been given 
to the design of journal and 
thrust bearings which form 
the most important part of any 


machine operating under water. 


Harland offer standard 
Ulectriglide submersible pumpsets 
from 20 to 130 h.p. against short despatches. 

An after sales service scheme is designed to give you 
complete satisfaction. 


Ex A Fe T..A_ Ri TS 


ulectriglide submersible pumpsets 


THE HARLAND ENGINEERING CO. LTD. 
ALLOA SCOTLAND 


n Office: HARLAND HOUSE 20 PARK Phone: GROsvenor | 221! 
Br hes; BRISTO GO ) NEWCASTLE-UPON-TYNE NOTTINGHAM 


L GLASGOW 
WOLVERHAMPTON AND OVERSEAS 





TH 


it 
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makes this the ideal GM tube 


FOR LIQUID SAMPLING 


The outstanding stability of Mullard halogen quenched 
Geiger Miller tube type No. MX 124 means that match- 
ing is unnecessary — an advantage that will be readily 
appreciated by those using G.M. tubes for the absolute 
assay of radioactive solutions and the measurement of 
standard sources. 





SPECIFICATION MX124 AND MX124/01 


we MMCRURRRGERteeeeeeas 





Threshold voltage (max) at 20°C 400 
Threshold voltage (min) at 20°C 385 
Plateau length in volts. (min) at 20°C 100 
Plateau slope in %/volt. (max) 0°15 
Operating temperature range in °C —55 to 75 
Liquid Capacity in ml. 9-10 
Minimum count life. 5 x 1010 











Note: MxX124 with ground glass stopper 
MX124/01 without ground glass stopper 














Mullard aes 


Cell 
MULLARD LTD., X-RAY DIVISION, NEW ROAD, MITCHAM JUNCTION, SURREY. Telephone: MITcham 3471 
MXR 512 
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MINIATURE 
MICRO 
SWITCHES 







| | 


BURGESS 
PRODUCTS 
COMPANY LTD 


MICRO SWITCH DIVISION 
Dukes Way, Team Valley, Gateshead 11 
Telephone. Low Fell 75322 (3 lines) Telex: 53-229 
London Office: 127 Victoria Street, S.W.1 

Telephone’ TATE Gallery 0251 (3 lines) 


PLEASE 
ASK FOR 
MORE DETAILS 


There are many other Miniature Micro 
Switches and Actuators besides the few 
illustrated here. All have the famous 
BURGESS long-life mechanism 
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A new Comet takes the air, and over 50 passengers 
settle to the luxury and comfort of excellent food and drink 
served from a discretely shuttered galley—8 miles above the earth. 
Brady Rolling Shutters incorporate over 80 years design and manufacturing 
experience, and made in various sizes possess considerable versatility 
in application. The Brady F1, for instance, is a sma!'er design 
specially developed for interior use as in bars, serving hatches, cupboards etc. 
The aluminium alloy flat lath construction presents an even flat face 
which in various finishes blends harmoniously with any background or decor. 
Operated by lift handle, their performance is effortless and reliable. 


Send for illustrated leaflet T[45/FA656F1 











re 




















G. Brady & Company Limited, Manchester, 4. Telephone COLlyhurst 2797/8/9. 


BRADY FOR EVERY OPENING: BRADY ROLLING DOORS IN STEEL, WOOD AND ALUMINIUM 34 R fA\ DY 
SLIDING SHUTTER DOORS . GRILLES IN STEEL, ALUMINIUM OR NYLON 

UP AND OVER DOORS . FIREPROOF DOORS . COLLAPSIBLE GATES = SHUTTERS — ROLLING DOORS 

SLIDING DOOR GEAR . ALSO MANUFACTURERS OF BRADY LIFTS 











THE DOORS COMMANDING THE WORLD’S LARGEST SALE— 
ve & Bowden London, Birmingham, Glasgow, Montreal, Port Credit, Hong Kong, 
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Evershed flow or differential pressure 
transmitter, Type ER.125, designed for 
accurate measurement and to give reliable 
service under the most exacting 
conditions. Suitable for oil, viscous or 
corrosive fluids, water, steam or gases. 









Where measurements 
matter most— You will find 


instruments 


Evershed simple analogue computer, 

Type ER. 92. A computing device for the instan- 
taneous and continuous solution of equations 
occurring in the day to day operation of process 
control, boiler control or the control of gas 
or fuel flow systems. 


INSTRUMENTATION DIVISION EVERSHED & VIGNOLES LIMITED 
ACTON LANE WORKS * LONDON W.4 ° Telephone: Chiswick 3670 Telegrams & Cables: Megger London Telex 22583 
(7136 
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This is a 
FABRICATED 
GATE VALVE 
for NUCLEAR 
APPLICATION 


It is one of many special 





valves we have developed 

for this type of work recently. 

The body is fabricated from 
pre-forged parts, and the spindle is 


BELLOWS 
SEALED 


A design with over a century’s background 























/ DEWRANCE | 


LEADERS IN VALVES FOR STEAM AND NUCLEAR APPLICATION 





DEWRANCE GREAT DOVER ST., LONDON, S.E.1 
& COMPANY LIMITED Telephone: HOP 3100 (12 lines) 


LONDON - BRADFORD 
DUMBARTON - HILLINGTON 
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UNION CARBIDE WNuclear Graphite... 








y| 
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Graphite Reflector For a Test Reactor 
Unmatched as a Moderator, Reflector and : 


Structural Material 


With More in-Pile Experience Than any Other Graphite or Other Moderator 
In The World 


From the time of its initial use in 1942 in the world’s first atomic 


sy 






































reactor, Union Carsive Nuclear Graphite has been the preferred Properties of UNION CARBIDE Nuclear Graphite 

moderator and reflector material. Today, with the demand for higher AGOT TSF 

operating temperatures to provide increased thermal efficiencies, UNION . Graphite Graphite 

Carsive Nuclear Graphite offers even greater advantages because of Atomic Weight 12.011 12.011 

its unusual high temperature properties. Density g/cm? 1.70 1.70 
This outstanding structural material has become the favorite of the Microscopic absorption cross section 

nuclear industry because of—its low atomic weight—its extremely high (millibarns)* 4.50 3.95 

purity—its ability to gain strength with rising temperatures and its Microscopic scattering cross section 

easy machinability. (barns) 5.09 _5.09 
_No other material has as many useful Nuclear Properties as Union we mp ery <y cross ae an 

Carsiwe Nuclear Graphite—Properties attested to by sixteen years in : - a 

. P , ST ae Macroscopic scattering cross section 

the Graphite Reactor, X-10, operated by Union Carsive at the Oak (cm-") 0.432 «0.432 

Ridge National Laboratory for the United States Atomic Energy Average logarithmic energy decrement 

Commission. per collision 0.158 0.158 
Whatever your needs—extreme purity, unusual shapes or sizes, high SLOWING DOWN POWER 0.0684 0.0684 





or low density, write to the leader in nuclear graphite, Union Carbide 








. lea vantage ge =. MODERATING RATIO 177.5 203 
International ompany, Division of Union Car vide Corporation, 30 REFLECTING RATIO 1125 1285 
East 42nd Street, New York 17, New York, U.S.A., Cable Address: SaTUSIGN LEAT zz = 
Unicarsipe, New York, or contact the company listed below which is 











nearest you. *at 2200 meters/sec. 


Table shows excellent nuclear properties of UNION 
CARBIDE Nuclear Graphite. In addition, it is a structural 
tis ite), material with superior high temperature properties. 


Ley.) > 4 =i] 2) = 


Write today for New 8 Page Brochure NPP-Il “UNION CARBIDE Nuclear Graphite” 





EUROPE h NEDEN 
Union Carbide Europa S.A. 
40 rue du Rhone 
Geneva, Switzerland 


The term Union Cansive is a trade mark of Union Carbide Corporation. 
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FOR NUCLEAR POWER STATIONS 


condenser circulating pumps 
surface condensers 

jet condensers 

atmospheric exhaust valves 
condensate extraction pumps 
steam jet operated air ejectors 


hydraulic rotary air pumps 
condenser level control valves 
drain coolers 

gland steam condensers 

L.P. heaters 

deaerators 





closed feed valves 

H.P. heaters 

automatic bypass valves 
evaporators 

oil fuel heaters 

forced draught cooling towers 





Worthington - Simpson Ltd 


PUMPS - COMPRESSORS 
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HEAT EXCHANGE EQUIPMENT 


1959 





NEWARK NOTTS 


P.2481 
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Ookes now offer flame-proof 
ABSOLUTE’ filter panels 


which fully meet U.S. Atomic Energy Commission, Bulletin 80 28/7/58 
and current requirements. 





















Vokes filters are playing an important part in the vast 
programme of nuclear development both in the 
United Kingdom and many overseas countries. A 
vital contribution was the introduction of the Vokes 55 
‘Absolute’ filter range which deals with dangerous 
dust particles in the 0.1 to 0.§ micron range and has a 
methylene blue dust cloud test efficiency in excess of 
99.95°% ... a contribution still further increased 
by the addition of ‘Absolute’ types for applica- 
tions where flame-proof construction is required. 
High Temperature panels are also available for use 
where operating temperatures as high as 1,000°F. 


are prevalent. 





and remember...... 


Initial efficiency of 99.95°%, against a 
standard methylene blue test cloud 
in the 0.1 to 0.§ micron range is 
guaranteed. Efficiency rises with use. 
Every Vokes ‘Absolute’ filter is fully 
and individually tested before despatch 
and is unreservedly guaranteed. 

Our engineers will be glad to give you 
full details of the Vokes flame-proof 
and high temperature ‘Absolute’ filters 
and to discuss your particular problem 
with you, in order to ensure maximum 


safety operation. 


VOKES LIMITED - GUILDFORD - SURREY 


Tel: Guildford 62861 (6 lines) 
Grams. & Cables: Vokesacess, Guildford. Telex. 
Telex : 13-535 Vokesacess, Gfd. 


VOXKES AUSTRALIA PTY. LIMITED, SYDNEY REPRESENTED THROUGHOUT THE WORLD 
vsea 
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100 Mc/s band R.F. Tuner 


Fe oa : 


incorporating Texas 2Ni1g2. 
Transistors. 4 ; 
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Complete transistorisation of highband v.h.f. and of 
much u.h.f. equipment is now a reality with the 
introduction of two new Texas Instruments diffused- 
base germanium transistors, the 2N1142 and the 
2N1143. 

With an alpha frequency cutoff of 600 Mc/s for 
the 2N1142 and 480 Mc/s for the 2N1143, and a 
total dissipation up to 750 mW at 25°C these tran- 
sistors will have wide application in airborne com- 
munication and navigation equipment. For added 
reliability these diffused-base transistors are enclosed 
in the JEDEC-TOS5 welded case. 


TEXAS INSTRUMENTS LIMITED 


TELEPHONE : BEDFORD 68051 DALLAS ROAD BEDFORD CABLES : TEXINLIM BEDFORD 
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For maximum mechanical strength and heat 
dissipation, the Texas diffused-base construc- 
tion mounts the waferdirectly on tothe header 
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The largest Goliath crane 
in the world is now in action 
at Hinkley Point, where 
the world’s first 5300 MW Fi 
atomic power station is under | 
construction for the Central 
Electricity Generating Board. 
Built by Babcock & Wilcox, it 
straddles the 180-feet high reactor 
buildings carrying major equip- 
ment of up to 400 tons from the 
site fabrication area and facili- i } 
tating the bvilding of the two 
250 MW r-a-tors with their 
twelve 90-feet high steam 
raising units. 


iso MW Progress by this Group, designers and builders of the world’s first 
500 MW atomic power station, is being made not only at Hinkley Point 


but also to meet export requirements. For stations of similar type for 
250 MW construction overseas, detailed design studies have been completed 
for outputs of 150 MW and 250 MW. 


BABCOCK TAYLOR 


ENGLISH 
& WILCOX WF WOODROW 


ELECTRIC 


THE ENGLISH ELECTRIC COMPANY LIMITED BABCOCK & WILCOX LIMITED TAYLOR WOODROW CONSTRUCTION LIMITED 
Marconi House, Strand, London, W.C.2 Babcock House, Euston Road, London, N.W.1 London 


GA. ¢ 
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FABRICATORS ¢ 
(INDUSTRY fm Wet leaccts 


stainless steel, 
nickel and 
ULC aaliallelaameis en 















Photograph published by courtesy of 
Messrs. Sutcliffe Speakman Co.Ltd, Leigh, Lancs. 


UNIVERSAL BOILERS & ENGINEERING CO. LTD 


HEAD OFFICE: FULLEDGE WORKS - BURNLEY - LANCASHIRE - ENGLAND 
Telephone 3121/2 and 3203 Burnley (3 Lines) Telegrams: ‘UNIVERSAL’ Burnley 


Associated with BURNLEY AIRCRAFT PRODUCTS LTD. Fulledge Works Burnley Telephone: 3121/2 
GROSVENOR STREET, STONEYHOLME, BURNLEY Telephone: 3184 
and BRITANNIA WORKS, QUEENSGATE, BURNLEY Telephone: 4102 
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BAND-REINFORCED PRESSURE VESSELS 





are cheaper 












































. and more ductile 


. and as large as you like! 


In cylindrical band-reinforced pressure-vessels, developed by John 
Thompson, half the hoop stress in the vessel is taken by multilayers of thin 
reinforcing bands. A relatively thin inner cylindrical shell, with hemi- 
spherical ends of similar thickness, is capable of carrying the remaining 
hoop load and the longitudinal stresses. 
This development obviates the serious and expensive disadvantages of 
fabricating cylindrical shells in very thick plate or, alternatively, employing 
expensive spherical vessels. Since relatively thin shells are required, welding 
and non-destructive testing are simplified. And since plates of large surface 
area can be employed, the amount of welding is reduced. 
In addition, the relative thinness of the shell endows the vessel with 
important ductile qualities. 
John Thompson’s development of methods of fabricating large vessels of 
this type on site opens up new possibilities for the economical employment 
of larger, or higher-pressure vessels in chemical and nuclear projects. 
JOHN THOMPSON (WOLVERHAMPTON) LTD « WOLVERHAMPTON 


WvP6 
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It is recognised that technical excellence 
in a traction motor rests primarily on a 
high grade cast steel stator frame. Lake 
& Elliot supply high permeability steel 
castings, to B.S.1617, for stator frames 
and other castings used in the manufacture 


of electric Motors. 





Our machine shop is fully equipped to finish Vi LS ‘AZM 


machine castings to customers drawings to the Highest Quality Castings 


fine limits demanded in modern plant design. 


LAKE & ELLIOT, L1 :% . = 149 


\ 














Thermal 
REFRACTORY 
CEMENTS AND 
POWDERS 


Thermal Fused Alumina and Fused Magnesia 
Refractory and Insulating Cements are very 
simple to apply; water is the only additive 
necessary for mixing before application. 

For base metal windings our C60 cement 
is ideal; for platinum windings our CC60 
cement should be used. Molybdenum windings 
necessitate a silica-free cement, and our No. 101 
cement is specially prepared for this purpose. 


Details of these special high temperature cements, and 
also of Thermal Fused Alumina and Fused Magnesia 
Powders will gladly be supplied on request. 


We also ma nufacture an extensive range 
of Vitreosil Industrial Ware 


THE THERMAL SYNDICATE LTD. 


P.O. Box No. 6, Wallsend, Northumberland. Telephone: Wallsend 6-3242 /3 


LONDON OFFICE: 
9 BERKELEY STREET, W.1. TELEPHONE: HYDE PARK 1711/2 
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Above: Series ‘C’ Helipot, two gang unit, mounted on 
a large control valve at the Rolls-Royce Altitude Test 
Plant, Derby. These potentiometers ensure an accurate 
and fine control of temperature and pressure in the 
engine test cells, corresponding to the desired altitude 

conditions. 


Helipots provide reliable, long-life operation, embody- 
ing 15 years’ continuous improvement in design and 
manufacture. 


Beckman 


Sales and Service, England and Wales :- 
WINSTON ELECTRONICS LTD 
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The Rolls-Royce Altitude Test Plant at Derby 
uses Beckman/Helipot Potentiometers 


exclusively 
for valve position control and 
generation of control signals. 


Beckman/Helipot precision wire-wound helical potentiometers offer : 
superior resolution . . . superior linearity—continuous test on produc- 
tion .. . low noise — all pots tested to close specification . . . wide 
ambient temperature range . . . long life — minimum life expectancy 
specified . . . and can be supplied with multiple taps welded to indi- 
vidual wire turns, without reducing resolution. 

We shall be pleased to discuss your applications and advise suitable 
types. All British-made Helipots can be supplied at competitive prices 
from stock, in a wide range of resistance values. 

Special requirements can be met to order. 

Write for data sheets to Dept. N.P.1 


Instruments Limited 


Glenrothes. Fife. Scotland 
Tel: Glenrothes 551 Telex: 72135 


Govett Avenue, Shepperton, Middlesex, Walton-on-Thames 6321 
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Latina—site of yet another 
nuclear power station... 
and again M&I Electrical 
Insulating Materials* are 
being used in the 

main Turbo-Alternators 


* M&I are supplying Micanite V-rings and 
segment separators to C. A. Parsons & Co., Ltd., who 
are building the three 70 MW turbo-alternators 

for the Latina Nuclear Power Station. 


wy the electrical insulation people 


THE MICANITE & INSULATORS CO., LTD., 


EMPIRE WORKS, BLACKHORSE LANE, 
WALTHAMSTOW, LONDON, E.17. <i> 
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ELE($)NTS 


of efficient angular drives 


@ A.R.B. approved 
@ 92-98°), efficient—N.P.L. certified 


@ Used by leading engineering companies 
in every industry 


1” 


@ For shaft diameters }” to 18” 


@ Dirt-excluding covers can be supplied 





A.M. Gauge-Tes; 
House Authority 
No. 89755 31 


UNIVERSAL BALL JOINTS 


Sturdy, reliable, compact couplings of 
simple design, manufactured from high-grade 
materials, and available with single or double 


joints in nine standard sizes. 


MOLLART ENGINEERING COMPANY LIMITED 


KINGSTON-BY-PASS SURBITON SURREY 
Telephone : Elmbridge 0033-7 Telegrams : Precision Surbiton 
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Fielden Controllers mounted on the sloping panel of a 
Brown Davidson Moulding Machine 


WwW TRANSISTORISED TEMPERATURE CONTROL 
3 oo 0.5° Go 


Low Cost—Send for details, you’ll be surprised. Smal i int shart and small ‘tn price, yet all auth: more than covered. 


Transistorised —Exceptional reliability. No 
warming up period. 12V Battery or mains In brief, it ’s appealing. 
supply. 

Intrinsic Safety—Low voltage, low current 
operation— Intrinsic safety certificate pending. 

Very Robust—completely sealed unit requires 
no attention. No pivots, galvos or other delicate 
moving parts. 

Easily fitted—simple clamp mounting with 
robust terminals for electrical connections. 
Can be mounted at any angle, for example on 
a sloping control panel. 

Remote control —Instrument can be up to 300 ft 
away from the. measuring point using simple 
copper wiring. Measuring element is of platinum 
resistance type, housed in a robust 4” diameter 
stainless steel sheath. 

Heavy Duty Contacts—Change over electrical 
contacts rated at 5 amps A.C. with quick make 
and break action. Pneumatic control available 
if required. 

Accurate calibration—Accurately calibrated 
scale 9” long marked in °C or °F, Easily set to 
required control temperature. 

High stability— Control point will not vary over 
many years service. Unaffected by ambient 
temperature changes or by wide variations in 
supply voltage. 

Wide Temperature range —will control at any 
temperature between —200° C and + 500° C 
with a differential of o.5° C. Range spans as 
low as 50° C. 

Modern and Compact—Circular meter type 
case. Occupies panel space ofonly 44” diameter. 
Bold pointer shows control temperature. Red 
lamp, visible from sides and front, indicates 
control action. 

Immediate delivery—Instruments ranged 
0-120° C, 0-200° C, 0-300° C and o-s00° C 
available from stock in Manchester, London, 
Walsall, Stockton and Edinburgh. Otherstand- 
ard ranges in stock at Manchester. Telephone 
your urgent requirements to Wythenshaw 3251 
Trafalgar 3154, Arbortum (Walsall) 55343, 
Stockton 68617 or Edinburgh 32035 (A. R. 
Bolton). 


Write now for full specification 
Sheet Bik/1/N.P. with price list 


f£ & | FIT BIKINI AND WATCH YOUR CONTROL PROBLEMS SWIM AWAY 


FIE : be ° 
LDEN ELECTRONICS LTD WYTHENSHAWE * MANCHESTER Phone: Wythenshawe 3251 (4 lines) Grams: Humidity Manchester 











4A 
LSO AUSTRALIA, ITALY AND CANADA Branch Offices: LONDON, WALSALL, STOCKTON-ON-TEES, EDINBURGH AND DUBLIN. a 
Agents throughout the world Control ® 


BI 
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FOR THE CHAPELCROSS REACTORS 


Whessoe Ltd. chose Darlington Insulation 


From Calder Hall on, The 
Darlington Insulation Co. Ltd. 
has been associated with most of 
the nuclear power stations com- 
pleted and building in the United 
Kingdom, and we can fairly claim 
to be the world’s most experienced 
nuclear power station insulation 
engineers. 

In more everyday fields of heat, 
cold and sound insulation our 
experience is even greater—and 
it is entirely at your service. 
Simply write to 


THE 


%e The insulating materials selected 
were, naturally, Metadextramite and 
Darlington 85% Magnesia made by 
The C al & Insulating Co. Ltd.— 
anothermember of The Darlington Group 
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Nuclear engineering cannot tolerate faulty design or ill chosen 
materials. Every inch of a plant that houses such tremendous 
energy has to be designed and constructed to highly critical 
specifications. That is why such contracts go only to the 
cream of industry. 

For this reason we at The Darlington Insulation Co. Ltd. are 
proud to have been selected by Whessoe Ltd. to insulate the 
reactors at Chapelcross * 


DARLINGTON INSULATION COMPANY LIMITED 


A MEMBER OF THE DARLINGTON GROUP OF COMPANIES 
38 Great North Road, Newcastle upon Tyne 2 
or telephone Newcastle 23666 
Branches at London, Birmingham, Bolton, Bristol, Cardiff, Glasgow, Leicester and Sheffield 
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LETTER FROM 
THE PUBLISHER 


Beyond the mountains 

One of the most difficult things to 
understand about Trawsfynydd is 
how to pronounce it. And how 
can normal technical exchanges 
take place when the key word is 
subject to doubt? We have done 
a considerable amount of re- 
search on this word, and while 
Welshmen will never agree 
amongst themselves, it seems that 
the following pronunciation 
should at least enable you to find 
your way there—should you be 
planning to do so: 

Trous (as in * trousers °)- 

vunneth; accent on the * u.’ 

This simple key should enable 
readers (and not only overseas 
ones, either) to appreciate more 
fully the special articles on Traws- 
fynydd power station which we 
print this month. We are parti- 
cularly glad to publicize this new 
commercial nuclear power station 
for two main reasons. Firstly, it 
is Britain’s latest effort and shows 
several departures from earlier 
designs. Secondly, it has been de- 
signed and built by a new com- 
pany on the British nuclear scene 

Atomic Power Constructions 
Ltd. 

We are proud that APC selec- 
ted NUCLEAR POWER to carry the 
first complete and authentic des- 
cription of Trawsfynydd and we 
acknowledge the great help given 
us by the company in preparing 
the material for publication. 

At one time we thought the 
name Trawsfynydd might mean 
something romantic such as ‘ the 
sheep-watering place under the 
Black Mountain where Idwal 
hurled the great boulder.” A 
Welsh acquaintance maintains 
that it means ‘the great rafter 
made from a fir tree.” A study of 
the topography of the locale, how- 
ever, inclines us to prefer the 
book definition ‘beyond. the 
mountains.” 
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MSTRUMINTATION PROCESSES 


Stick to standards 


SIR: I deprecate your decision to 
depart from the British Standard 
for the presentation of numerical 
values. The suggestion that the re- 
commendation gives the impression 
of printers’ errors I feel sure is only 
a matter of usage. The use of the 
comma for dividing numerical 
values having a number of ciphers 
is more than likely to lead to mis- 
interpretation, in view of the fact 
that, as you will be aware, the 
comma is used on the Continent 
as a decimal point. The chance of 
misinterpretation is even greater 
where values of the units under 
discussion are not, as yet, com- 
monplace. 


Further, | feel that the sense of 
columns of figures is much more 
readily appreciated when set out in 
accordance with the British Stan- 
dard. 


Please let us adhere to Standards 
devised after much consideration 
and discussion. 

Manager, Outside Services 
Dept., General Electric 
Co., Whitton J. R. COTTERILI 


Superheating for efficiency ? 


SIR: Judging from the informa- 
tion contained in your recent 
issues it would appear that to 
achieve reasonable efficiency it has 
been found necessary to incorpor- 
ate superheating in power reactors. 
Is this superheating achieved by 
using the energy of the reactor itself 
or does an outside agent, such as 
oil, have to be used? Have any 
figures been published indicating 
the relative efficiency of these two 
forms of superheating? 

London, W6 EDWIN RIVERS 


p> In the first place, all British power 


reactors do in fact use superheat- 
ing, the heat exchangers being 
equipped with superheater sections. 
Superheating by itself is, however, 
not the determining factor on the 
question of thermal efficiency. This 
is determined largely by the simple 
question— what is the temperature 





LETTERS TO 
THE EDITOR 


of the hottest point in the whole 
thermal cycle?’ In a modern pul- 
verized coal furnace the tempera- 
ture is about 3000°F: in a gas- 
cooled reactor the maximum is only 
about 750°F using magnox cans. 
Owing to other factors a reactor 
would not have to reach 3000°F to 
obtain equal efficiency but there is 
still a long way to go. 


With the American types of 
water-cooled plants now in opera- 
tion or building no superheating 
can be obtained from the reactor, 
but some (Indian point, Elk River, 
for example) will use a separate 
oil-fired superheater to raise the 
temperature of the steam. This may 
sound rather incongruous but in 
favourable geographical situations 
it is believed to be economically 
attractive. 


It is now hoped that it will be 
possible to obtain nuclear super- 
heating from water cooled reactors 
by using special cores. Both the 
Americans and Russians are work- 
ing on this and in fact the latter 
have obtained a small degree of 
superheat from one of their experi- 
mental reactors. Editor 


Mass spectroscopy 


SIR: I would like to point out an 
error in the article entitled ‘ Mass 
spectroscopy as a research tool” by 
A. H. Turnbull on page 108 of 
your September issue. 


At the end of his article Mr. 
Turnbull mentions that *°K decays 
in two ways: by f-emmission to 
4°A and by k-electron capture to 
'°Ca. In fact he has this the wrong 
way round as *°K_ decays by 
B-emission to *°Ca and by k-elec- 
tron capture to *°A. 

Dept. of Geology and 
Mineralogy, University 
Museum, Oxford COLIN MCINNES 


» Mr. Turnbull writes: I am grateful 


to Mr. McInnes for drawing atten- 
tion to this infuriating ‘slip of the 
pen’ in the penultimate paragraph 
of my article. As such, it does not 
affect the equation which follows. 
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COMPARATIVE PERMEABILITY 


ml helium (S T P) per sec through 1 cm cube with one atmosphere pressure difference 


o 2 4 4 8 -10 -42 


10° 10 107 =: 10 10 10 


10 10 
REACTOR GRAPHITES 

BUILDING BRICKS 

SPECIAL UNIMPREGNATED GRAPHITES 
PALLADIUM (H, at 200°C) 
IMPREGNATED GRAPHITES 

MILD STEEL (N, at 600°C) 
NATURAL RUBBER 

BUTYL RUBBER 

GLASSES 

BEC. IMPERMEABLE GRAPHITE 








creates 
impermeable 
graphite 


A new form of graphite which is totally impermeable to gases 
has been developed in the Research Laboratories of G.E.C. 
Produced by an unconventional process, the carbon structure 
is entirely different from all other kinds of graphite currently in 
use for nuclear reactor applications. Mass spectrometer tests 
have shown that the permeation of helium gas through this 
material approximates to that through glass. Apart from its im- 
permeability, this graphite has considerable mechanical strength 
over a wide temperature range and exhibits great resistance to 
corrosion. Furthermore, it retains these properties even after 
intensive neutron irradiation. An additional advantage is that 
it has proved possible to produce sound and impermeable 
graphite-to-graphite and graphite-to-metal welds. 

The most important of the many possible nuclear applications 
of this revolutionary form of graphite is likely to be as a fuel- 
canning material, where its characteristic properties should 
permit the use of much higher operating temperatures. This 
in turn would result in increased fuel ratings, decreased capital 
costs, and improved efficiencies for nuclear power plants. 
G.E.C. has also developed a new method of impregnating 
normal graphite which can reduce its permeability to less 
than a millionth of that of ordinary electrode graphite. The 
sleeves that support the fuel elements for the Hunterston 
Nuclear Generating Station, made from graphite impregnated 
in this way, will isolate the main moderator graphite from the 
coolant gas stream and permit it to be maintained at a 
temperature such that no significant storage of Wigner energy 
will occur during the life of the reactor. Enquiries should be 
addressed to The G.E.C. Research Laboratories, Wembley, Middlesex. 


OF ENGLAND 


ATOMIC ENERGY DIVISION 





n? THE GENERAL ELECTRIC COMPANY LIMITED OF ENGLAND, ERITH, KENT 
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Short sight 

THE CHANGES announced by the National Coal 
Board in its document * Revised Plan for Coal” are 
even more sweeping than had been expected: the 
maximum output of 215 million tons now planned 
for 1965 is actually less than last year’s production 
and colliery manpower may be cut by as much as 
64,000. Yet it is only three years since the last re- 
vision of plans gave an annual target of 240 million 
tons by 1965. That a further revision was needed is 
mutely testified to by the 34 million tons of unsold 
stocks now held. But such a drastic change of pro- 
gramme after such a short interval does not give an 
impression of far-sighted planning. 

What has happened in the last three years? An 
industrial recession, strong competition from oil, the 
effects of increased efficiency (output per manshift 
is now expected to reach 30-31 cwt in 1965 com- 
pared with 25-3 cwt in 1958), the Clean Air Act and 
even good weather have all played their part in re- 
ducing annual demand by 25 million tons. The list 
is too long to be put down to bad luck; some of the 
items should have been foreseen. If it becomes neces- 
sary to change plans once again and raise coal pro- 
duction above 215 million tons the NCB frankly 
admits that it will have great difficulty in doing so. 

The NCB and the Central Electricity Generating 
Board are now discussing how much extra coal 
could be used by the latter instead of oil so we will 
soon see the unamusing spectacle of dual-fired 
power stations recently converted to oil converted 
back again to coal. Meanwhile in the atomic energy 
industry the five power station-building consortia 
formed only a few years ago have shrunk themselves 
to three, and research expenditure is being cut. 

The whole situation raises the gravest doubts 
about the soundness of future estimates of Britain’s 
power needs and about the ability of those respon- 
sible for coordinating plans for the use of coal, oil, 
and atomic energy. Two out of the three industries 
have met with serious trouble this year. And it is 
in this context that the recent decision to demote 
the office of Minister of Power from Cabinet rank 
must be viewed. 


France and Euratom 

FRENCH ATTEMPTS to whittle away still further 
the already attenuated powers of Euratom’s fuel 
supply agency can only be deprecated by those who 
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believe in international cooperation. At the time 
when the European Atomic Energy Community was 
established it appeared that the demand for fuel 
would be much greater than the supply. It was, 
therefore, proposed that a supply agency be set up 
within the organization to ‘ensure a regular and 
equitable supply of ores and nuclear fuels to all 
consumers in the Community.’ A further responsibi- 
lity of the agency was to guarantee, by suitable mea- 
sures of control, that nuclear materials were not 
diverted to purposes other than those for which they 
were intended. In this way, member countries would 
at least be discouraged from manufacturing nuclear 
weapons. 


Two years ago, when the French decided to go 
ahead with their own bomb programme, the original 
proposals were modified and Euratom’s control was 
terminated outside the arsenals of member countries. 
This enabled any country to make nuclear weapons 
unless the material employed is specifically forbid- 
den for such purposes by the supplying organization 
as in the case of American fuel transferred under the 
US-Euratom agreement. 


Another factor tending to diminish the agency’s 
power is the world-wide over-production of uranium. 
Under these conditions, the agency has only had to act 
as a recording office and merely rubber stamp the 
limited movement of fuel that has taken place. The 
French feel that there is no need for such a ‘ broker- 
age” system and would like to see the agency 
abolished. As France is the major producer in the 
Community and French ore deposits are of compara- 
tively high grade, it would be economically beneficial 
to France if all fuel negotiations were dealt with 
directly and not through the offices of a supra- 
national authority. 

At present this problem is being discussed by Eura- 
tom and France on a technical level before it comes 
before the Council of Ministers for action. It is 
envisaged that as France is also pressing for a more 
rapid reduction of trade barriers under the wider 
Common Market programme an acceptable com- 
promise, limiting the authority of the agency, will be 
agreed upon. Any drastic changes would make it 
difficult, if not impossible, for Euratom to carry out 
its agreement with Great Britain and the United 
States as well as seriously threaten the overall Com- 
munity conception. 
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Conventional oils cannot live in conditions of atomic 
radiation. Such conditions are inseparable from 

certain parts of any mechanism designed to produce 

power from nuclear fission. 

This, and other allied lubrication problems, was the 
challenge which faced oil technologists everywhere. 

And, as so often in the past, Wakefield-Dick’s research team 







ynow? 


are OR §=— and named “Nucleol”, is now availableto &) / 
a v lubricate the wheels of this Atomic Age. a , 
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# 
_,, produced the answer. An entirely new series — if 
2a" of oils and greases, resistant to radiation | ; 


radiation’ 
resistant 
lubricants 





Two examples of the 
NUCLEOL range 


NUCLEOL 522 A radiation resistant lubricant 
based on selected mineral oils of high arcmati- 
city and containing special inhibitors. 
NUCLEOL € 120 A grease gelled with a new 
compound, and specially inhibited. Designed for 
the lubrication of control actuator bearings 
operating at the lower radiation levels. 


| A Wakefield-Dick research chemist investigating 
on the effects of radiation on lubricants. 
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Jason goes critical 
On September 30, the Hawker Siddeley 


Nuclear Power Company’s _ reactor 
Jason achieved criticality at 5.20 a.m. 
This 10kW light water moderated 


and cooled reactor (see NUCLEAR POWER, 
March, p. 90) is the first British facility 
to be specifically designed for use in 
universities and research centres. Fuel 
plates similar to those in the Dido and 
Pluto MTRs are used, but if required 
fuel elements produced in other countries 
may be employed. Initially, Jason will be 
engaged in research connected with 
Hawker Siddeley’s OMR marine project. 
Later it will be used to supply local and 
London hospitals with short-life radioac- 
tive isotopes and reactor training for 
student engineers and chemists from 
local colleges. 

This reactor, based on the Argonaut at 
the US Argonne National Laboratories, 
is to be developed to provide a series of 
power ratings from 1W to 20kW and 
with a range of different experimental 


facilities. 


GEC and APC link 


Two of the British consortia, The 
General Electric-Simon Carves Atomic 
Energy Group and Atomic Power 
Constructions Ltd., reached agreement 
at the end of September to colla- 
borate in the design and construction of 
power stations in the United Kingdom. 
Like the AEI-NPPC tie-up (see World- 
view last September), these two groups 
will submit joint tenders for the 500 MW 
Dungeness and further stations in the 
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the month in atomic energy 


CEGB’s nuclear programme. While this 
development does not affect existing con- 
tracts and commitments, either in the UK 
or overseas, it is anticipated that the 
overall operational and research costs of 
the companies within the groups will be 
greatly reduced. Both the Central Elec- 
tricity Generating Board and the South 
of Scotland Electricity Board have been 
informed of these new arrangements and 
negotiations are continuing with a view 
to long-term collaboration on future re- 
actor systems. This reduces the number 
of UK consortia now competing for 
CEGB contracts to three. 


Minister of Science named 
Under the Government’s reorganization 
plans Lord Hailsham has been made 
Lord Privy Seal, with responsibility for 
science. He will assume responsibility for 
the work of the Atomic Energy Author- 
ity, the Atomic Energy Office, the DSIR, 
the Medical Research Council and other 
research councils. In this way, atomic 
energy matters will be presented to the 
Government at Cabinet level. 

Also under these new arrangements, 
Lord Mills ceases to be Minister of 
Power, but will remain as Paymaster- 
General, and his old Ministry, that of 
Power, will no longer be represented in 
the Cabinet. 


Coal plans cut 


The annual output of coal by 1965 is 
to be kept below 215 million tons in- 
stead of the 240 million tons originally 
planned. Announcing this in its recently 





VALLEJO, CALIF. The 880-ft, nuclear-powered USS ‘ Theodore Roosevelt’, largest 
submarine ever built on the West Coast, is seen as it was launched at the Mare 
Island Shipyard at Vallejo recently. The 6700 ton vessel is the third addition to 


the Navy’s Polaris missile-firing submarine fleet 








































published ‘ Revised plan for coal’ the 
NCB says it will do this by 

a. Closing 200 pits (120 because they are 
worked out) 

b. Reducing manpower from 651,000 to 
between 587,000 and 626,000 

c. Cutting capital expenditure from 
£1000 million to £825 million 

d. Closing all but a few sites of open- 
cast mining to reduce output from its 








PRIVATELY-OWNED REACTOR No. 2. 
Scientists, shown standing on the core, 
remove the fuel boxes after successful 
first-run of the Hawker Siddeley Group 
reactor Jason. Modelled on the US 
Argonaut the lOkW_ light water- 
moderated and cooled reactor will be 
put to work initially on research for a 
marine OMR. See story this page 





present figure of 15 million to 2 million 
tons a year. 

The decision to keep down the number 
of deep pits closed by drastically reduc- 
ing the more profitable opencast mining 
was made reluctantly, states the Board. 
‘Nevertheless if opencast production 
were continued at the full rate deep 
mines producing an equivalent output 
would have to close prematurely and 
permanently. The communities surround- 
ing them would suffer hardship and the 
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unworked reserves might well be lost 
for ever.’ 

The amount of coal used for electricity 
production is planned to rise from the 
present annual figure of 46:2 million 
tons to 55 million tons by 1965, and a 
further rise may result from talks be- 
tween the NCB and the Central Electri- 
city Generating Board on the possibility 
of the conversion of some dual-fired sta- 
tions from oil to coal. 


Break-even date moves back 
The Central Electricity Generating 
Board are seriously considering design- 
ing and beginning to build a commer- 
cial-scale AGR before full operating ex- 
perience is obtained from the AEA’s 
prototype at Windscale. This was _ re- 
vealed by Sir Christopher Hinton to 
NUCLEAR POWER last month when _ the 
Board published their first report. With 
a power output of about 300 MW, clad- 
ding would be stainless steel unless ex- 
perience with the Windscale prototype 
shows that beryllium is necessary; in 
this event work would have to be sus- 
pended until full operational experience 
was available. Providing stainless steel 
is satisfactory, the earliest date at which 
the Board could have the reactor in 
operation is 1966. Assuming that the 
plant would take four years to build, 
construction would therefore have to 
begin only a few months after the Wind- 
scale AGR has begun operation. 
Reviewing the long-term fuel pro- 
gramme, Sir Christopher said that some 
rethinking has been necessary due to the 
unexpectedly rapid developments in 
conventional station technology. The 
precipitous fall in their capital costs 
means that the break-even date of the 
cost of power from nuclear, and con- 
ventional stations is likely to be put 
back to around 1970. Sir Christopher's 
previous estimate, given in his  well- 
known Axel Johnson lecture in Sweden 
in 1957, put the break-even date at 1965. 


Japan had second thoughts 
Meetings, held at the beginning 
of last month between the GEC 
Atomic Energy Division and the Japan- 
ese Core Structure Study Group have 
now been satisfactorily concluded. Last 
August, the Japan Atomic Power Com- 
pany called for independent investiga- 
tions by the GEC and the study group 
into a revised graphite core for the 150 
MW station proposed for Tokai-Mura. 
The original design of the earthquake- 
proof graphite core did accommodate 
dimensional changes due to thermal ex- 
pansion and Wigner growth as well as 
withstanding any conceivable earthquake 
hazard: it did not, however, allow for 
any shrinkage in the graphite. Recent 
experimental data has confirmed that at 
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high temperatures and after long irradi- 
ation, shrinkage does occur. The new 
design, jointly approved, meets all re- 
quirements without any loss of power 
output. It is constructed solely of layers 
of graphite bricks, basically hexagonal in 
section, keyed to each other in such a 
way that they remain fixed together in 
their correct relative positions under all 
possible conditions of expansion or con- 
traction. A supporting structure sur- 
rounds the cylindrical core and will pre- 
vent the layers moving relative to each 
other even in the event of a severe earth- 
quake. 

With this major technical problem 
solved in a manner acceptable to both 
the clients and the contractors, the way 
is now clear for a contract to be issued. 
Although these negotiations have been 
very protracted only relatively minor 
commercial points remain to be clarified 
and it is anticipated that the contract 
will soon be signed. 


Another marine project 
Washington—A study contract for the 
design-engineering of a prototype pres- 
surized water reactor to propel a tanker 
has been awarded by AEC to Combus- 
tion Engineering Inc. Estimated cost of 
the study, which is to be completed by 
the end of the year, is $150,000, and it 
will be conducted with the cooperation 
of the Maritime Administration, Depart- 
ment of Commerce. 

This is part of a Commission project 
to investigate the suitability of various 
reactor types to serve as the nuclear 
power plant for a 45,000 deadweight ton 
tanker capable of being built and ready 
for operation by 1964. The ship would 
have a speed of 18-5 knots at a normal 
shaft horsepower of 27,300; maximum 
shaft horsepower would be 30,000. The 
Maritime Administration is providing the 
Naval architectural and Marine engineer- 
ing services for the Tanker Reactor Pro- 
totype Project. 

Combustion Engineering’s work will 
include an appraisal of present pressur- 
ized water reactor technology for mari- 
time use, and special emphasis will be 
placed on the criteria of simplicity of de- 
sign, compactness, self regulation and 
other features which would lead toward 
lower capital and operating costs of a 
ship. 


New atomic authority 

Bogota, Colombia—The Government here 
has created an Instituto de Asuntos 
Nucleares, an autonomous public entity 
which is to develop the study of nuclear 
energy and ensure that its uses con- 
form with international agreements and 
standards. It will take over the assets of 
the Colombian Atomic Energy Commit- 
tee and will receive annual grants from 
the budget. The main object of the new 


organization will be to act as the 
government’s consultants and adviser. on 
the official policy to be followed < )n- 
cerning the production, use and ex; oi- 
tation of nuclear energy. 


Westinghouse guarantees co ts 
New York—The Westinghouse Elec ric 
Corporation, reviewing large scale pla ‘ts, 
assert that water-cooled and modera ed 
reactors hold the most promise for ise 
in the immediate and near future. Trey 
have put forward three projects, all us.ng 
enriched uranium as fuel, as steps in he 
logical development of power generation 
These are the combination plant, utiiiz- 
ing both nuclear and fossil fuel; integ:al 
boiling and superheating reactor; «and 
the closed cycle plant. For the first and 
third, Westinghouse say that the plant 
output, overall plant costs and fuel life 
can be guaranteed. The costs are, in both 
cases, based on a 90% load factor, 12 
annual charge, 0-5 mills per kWh to 
indirect costs, fossil fuel costing 30 cents 
per million Btu and a plutonium credit 
of $12 per gram. 

The combination plant is based upon 
the modern turbine of 225 MW and the 
reactor and superheater are designed to 
meet the required operating conditions 
In the core of the reactor, water circu- 
lates and boils at 2115 Ib/in*; dry and 
saturated steam is passed to a_separ- 
ating drum. On the first stage, the steam 
inlet is at 1800]1b/in® at 1000°F after 
passing through the _ fossil-fuel-fired 
superheater. This unit is used to reheat 
the steam to 1000°F after it has passed 
through the first stage and before it is 
fed back into the second stage of the 
turbine. 

The nuclear portion of the plant con- 
tributes some 300 MWt and the super- 
heater 220 MWt to the net output, which 
together, producing an electric gross out- 
put of 225 MW, gives a total net heat 
rating of 9040 Btu/kWh—claimed to be 
the best yet obtained from a_ nuclear 
plant. On the assumed economic condi- 
tions, this type of installation would pro- 
duce electricity for 7-3 mills per kilo- 
watt hour, providing the cost of nuclear 
fuel is maintained at the current US 
domestic prices. Construction of such a 
plant could be started immediately and 
be in operation four years from the date 
of contract; the estimated cost is $M45 

In the integral boiling and superheat- 
ing reactor, the water is boiled and then 
steam is superheated within the core. A 
full-scale 200 MW plant of this type is 
envisaged as being in operation by 1975 
assuming that a 20 MW prototype unit is 
built in the immediate future. It basically 
consists of a number of pressure tubes 
inserted into the centre and the periphery 
of the centre of the reactor which is 
essentially a large block of graphite. 
Small fuel rods are inserted into each 
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HALDEN—first ENEA project open 


The world’s first heavy boiling water reactor was officially opened at Halden on 
n October 10 by King Olaf in the presence of leading atomic energy scientists and 
administrators from many countries. Now operated jointly by all the countries in the 
European Nuclear Energy Agency HBWAR starts a three-year programme of experi- 
ments. The initial natural uranium core was supplied by the United Kingdom Atomic 
Energy Agency and is surrounded by heavy water from America. Most of the actual 
plant was constructed in Norway. Design power is 20 MW but to achieve this an 
enriched core will be necessary and negotiations for rhe supply of this are in progress. 
Pictures show: above, the reactor is built inside a small mountain and after blasting 
n } the reactor hall was lined with concrete. Top right, in front of the tunnel entrance 
I stand the main control and service buildings. Right, the control rods inside the vertical 
d tubes are moved by electromagnets which can be seen at the bottom ends of the tubes. 
t They are shifted up and down by copper strips connected to electric motors at the 
| top. Below, Reactor Hall from the tunnel end shows the reactor pit in the middle 
of the floor, with steam drum in the background. In the foreground a board illustrates 
the present core loading. Lower right, main control room. Bottom right, before the cere- 
mony King Olaf (second from left) was shown round by Norwegian and ENEA officials 
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pressure tube and between these there 
is enough space for the coolant water 
to flow. 

Since this type is based on the pres- 
sure tube system, it is versatile and easy 
to change, making it adaptable for later 
developments. As such it is considered 
to be the reactor that promises the best 
economy for the more distant future. 

The construction of the third type, a 
330 MW closed cycle water-moderated 
plant, is at present being recommended 
by Westinghouse on the grounds that 
economy can be achieved in large reac- 
tors with the most proven design to date. 
Detailed studies up to 400 MW rating 
have indicated that the higher ratings 
appear to be the most economical and 
that start-up of such an_ installation 
could be achieved early in 1965. 

The system is based on two loops. In 
the primary loop, pressurized water cir- 
culates through the reactor and a heat 
exchanger. Here the heat is transferred 
to the secondary loop, producing steam 
which is fed to the turbine, of the 330 
MW tandem compound type having both 
a high pressure and low pressure cycle. 

With the same basic assumptions as 
the other proposals, the total generating 
costs would be 7-3 mills per kilowatt 
hour for an estimated construction cost 
of $M68. Since the technology of closed 
cycle reactors is well advanced the 
economics of such an all-nuclear plant 
would be good for both short and long 
terms. Westinghouse are of the opinion 
that in all probability this system will 
prove to be the most practical nuclear 
plant in the US power industry. 


Russia and US get together 
Washington—During Mr. Khruschev’s 
recent visit to America, Prof. V. S. 
Emelyanov, head of the USSR atomic 
energy organization, had discussions with 
Mr. John A. McCone, Chairman of the 
US Atomic Energy Commission and they 
agreed to make all unclassified research 
and development data available. This in- 
formation will be issued through the 
offices of the IAEA in Vienna. The sub- 
jects of development specifically discussed 
were research and power reactors, con- 
trolled thermonuclear reactions for the 
production of electricity and basic re- 
search, including the field of high energy 
physics. 

Following these discussions, Mr. 
McCone made, at the beginning of Octo- 
ber, a ten-day tour of Soviet installations 
during which time he visited Dubna re- 
search establishment, the power station 
projects at Voronezh and Ulyanovsk, the 
icebreaker Lenin and other facilities. He 
was accompanied by six American 
nuclear specialists and on his way back 
from Moscow, visited the Euratom head- 
quarters in Brussels and the UK Atomic 
Energy Authority. Later in the month, 
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seven scientists from America started a 
month’s visit to centres of radiation bio- 
logy in the USSR as part of an overseas 
scientific exchange programme. 

Towards the end of this year, it is 
anticipated that the Russian nuclear chief 
and a number of his principal assistants 
will make a similar visit to American 
atomic energy installations. 


First German fuel plant 

Hanover—The first German fuel process- 
ing plant, at Ellweiler, has started oper- 
ating. Owned by Gewerkschaft Brun- 
hilde, it has a capacity of 50 tons of 
ore per day and production should reach 
an annual output of 12 tons of uranium 
oxide. The ore used comes from the 
Ellweiler mines and contains between 
0-1 and 0-12% uranium oxide; the total 
deposits are expected to yield some 60 
to 80 tons of fuel. So as to ensure that 
the capital expenditure on the plant is 
recovered, extensive surveys are being 
carried out in the region for additional 
worthwhile deposits. Fuel from this in- 
stallation will be available for the power 
plants at present being built in Germany. 


Help for South America 

Vienna: The Dominican Republic is seek- 
ing advice from the IAEA on a projected 
nuclear research programme which will 
involve the buying of a nuclear reactor 
for the production of radioactive isotopes 
for medicine and agriculture. The reactor 
would also be used for teaching pur- 
poses. 

Rear Admiral Helio Lopez, President 
of Argentina’s National Commission on 
Atomic Energy, has been on a week's 
visit to the UK. Arriving on October 11, 
he visited Atomic Energy Authority 
establishments in the north and at Har- 
well. 

During his visit he met Mr. A. W. 
Berry the Director of Britain’s Nuclear 
Energy Trades Association Conference, 
and Lord Plowden, the Chairman of the 
Atomic Energy Authority. 


Commercial cooperation 
Brussels—The Canadian Ambassador and 
the Euratom Commission today signed 
a framework agreement which has been 
concluded between the Community and 
the Canadian Government. In addition, 
a technical agreement has been signed 
by the President of the Atomic Energy 
of Canada Limited and the Euratom 
Commission (see last month’s World- 
view). 

The framework agreement between 
Canada and the European Atomic 
Energy Community stipulates the condi- 
tions regulating the exchange of all types 
of information, materials and equipment 
between persons and _ enterprises in 
Canada and Europe. The technical agree- 
ment, which is embodied in the frame- 


work agreement, provides for the laur -h- 
ing of a joint research and developn «nt 
programme centred on the heavy w ter 
moderated types of reactor. 

Each party will set aside a sum of 
$M5 for the programme over a pe: od 
of 5 years and will share in the res ts 
of this joint research effort. The vo 
agreements will enable the Commu: ‘ty 
to gain experience of natural urani im 
heavy water moderated reactors and ©. jl] 
guarantee the Canadians the techn::al 
backing of European industry as rega ds 
construction and equipment. The inicr- 
est shown by enterprises within the Con- 
munity in this type of reactor gives rea- 
son to anticipate useful collaboration »5e- 
tween European and Canadian manuf ic- 
turers and scientists. 


AEC’s future plans 

W ashington—During discussions with the 
Joint Committee on Atomic Energy on 
the financial allocation for 1960, Mr. 
John A. McCone, Chairman of the US 
Atomic Energy Commission, indicated 
several new projects his organization 
plan to start in the coming year. Fol- 
lowing design and development on the 
natural circulation reactor plant at the 
Bettis Laboratory and the Knolls Atomic 
Power Laboratory, it is anticipated that 
a contract for its construction will be 
placed early in 1960. During the first 
half of next year, a research and deve- 
lopment programme will be carried out 
on an advanced superheat reactor, after 
which the technical and economic feasi- 
bility of proceeding with its construction 
will be determined. 

Under the joint US-Euratom pro- 
gramme, nine American proposals, in- 
volving an expenditure of $Mg6, are 
under consideration and it is anticipated 
that additional proposals will be sub- 
mitted after selection of the Euratom 
reactor projects. 

The economics and _ technological 
merits of the BWR, OMR and advanced 
PWR designs are to be examined for 
suitability as a prototype propulsion 
unit for installation in a tanker. Parallel 
with this work, the AEC’s Division of 
Reactor Development are investigating 
the possibilities of adapting a naval re- 
actor to tanker requirements. 


Power for the IAEA 


Vienna—The 3rd regular session of the 
General Conference of the International 
Atomic Energy Agency was held at the 
end of September. Following _ the 
announcement of the US-Russian agree- 
ment to release technical information 
through the Agency’s offices, particular 
attention was given to the part that IAEA 
will have to play in developing nuclear 
power production throughout the world. 
Under the presidency of Dr. H. Furuuchi 
of Japan, 70 countries attended and it 
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IAEA hold Third Conference 


Once again together in the Conference Hall at Vienna’s former Imperial Palace 
delegates from 70 nations discussed plans and programmes during the third annual 
conference of the International Atomic Energy Agency. Well-known personalities 
included Sir John Cockcroft (top left) seen talking to Dr. Henry Seligman, now IAEA 
Deputy Director-General. New chairman of the Board is South African, D. B. Sole 
(right); President of the conference was Dr. Hiroo Futuuchi (extreme right) from 
Japan. Below, the British delegation, from right to left, were Sir Alan Hitchman, Lord 
Plowden and Mr. J. C. Wardrop 





was agreed that the Agency should, dur- 
ing the coming year, accelerate their re- 
actor programme. A continuous study of 
small and medium sized power plants 
best suited to the economic conditions of 
the less developed countries is to be 
made. To supplement this work, the 
United States has agreed to plan and 
construct a small prototype reactor, of 
approximately 20 MW capacity, to meet 
[AEA’s requirements. 

On the financial side, Argentina, 
Czechoslovakia, the United Arab Repub- 
lic and the United States of America 
have all agreed to increase their assist- 
ance to the Agency for the coming year. 
As the IAEA is becoming more and 
more the world focal point for the ex- 
change of information in the fields of 
controlled fusion and plasma physics, 
the initiation of an international scientific 
journal has been included in the year’s 
programme of work. 

An innovation at this year’s confer- 
ence was a public discussion on the 
future of nuclear energy (see this month’s 
rhey Said) given by Sir John Cockcroft 
of the UK, Dr. Homi J. Bhabha of India 
ind Dr. Bertrand Goldschmidt of 
France. From this and other discussions 
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During the confer- 
ence delegates were 


talks in the past as 
construction work 
was formally begun 
on the $600,000 
IAEA laboratory 
near Vienna (left) 


during the conference, the fact emerged 
that while there was a temporary cut 
back in power projects in the West, the 
need for such installations in the Far 
East was growing rapidly. 

Before the conference closed, Mr. D. B. 
Sole was elected Chairman of the IAEA’s 
Board of Governors with Dr. Karel 
Petrzelka and Mr. Ismail Fahmy as Vice 
Chairmen. 


Export of uranium 


Sydney—The Commonwealth Govern- 
ment was now permitting the export of 
small sample quantities of uranium 
oxide to countries other than Great 
Britain and the United States. 

Present production was being sold 
under long-term contracts, the last of 
which expired about 1965, but from time 
to time, however, enquiries have been 
received from countries seeking to estab- 
lish supplies of uranium for their domes- 
tic power programmes. 


French fuel plans 

Paris—Members of the French Govern- 
ment are having discussions at Euratom 
headquarters on the present fuel situa- 
tion. Due to the changed conditions they 
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want to discontinue the Euratom fuel 
agency and dispose of their nuclear fuel 
without control of the agency. Follow- 
ing technical discussions, this matter is 
being brought before the Council of 
Ministers. In the meantime, construction 
of an isotope separation plant, at Pierre- 
alatte in the Drome Department, is sche- 
duled to commence at the end of the 
year and be completed by 1963. The 
diffusion cells will be fabricated at a 
number of different works and assembled 
on site. Due mainly to lack of previous 
experience, the design and manufacture 
of suitable compressors has presented 
several difficult problems. 


Dresden on stream 


Chicago—The 180 MW BWR at Dresden, 
50 miles southwest of here, achieved 
criticality on October 15. Costing some 
$M45, this plant was built by General 
Electric for the Commonwealth Edison 
Co. It is the first full-scale generating 
station to be completed in the US 
financed entirely by private funds. Run- 
ning some six months ahead of sche- 
dule, it will initially start electricity gen- 
eration early next year and will be in 
full operation by mid-1960. 
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NUCLEAR POWER STATION 


Now under construction in North Wales, this 500 MW 
CEGB station is the first to be sited inland and 


presents Atomic Power 


Constructions Ltd. with 


many interesting design and construction problems 


1—kngineering design 


HE SITE CHOSEN by the Cen- 

tral Electricity Generating Board 
for the nuclear power station at 
Trawsfynydd in North Wales is un- 
usual from many aspects, and gives 
rise at the outset to problems which 
are new in the design of nuclear power 
stations. It is the first to be situated 
inland with the large amount of cool- 
ing water required by nuclear stations 
being supplied from the adjacent 
Trawsfynydd lake. This immediately 
sets a limitation on the amount of 
heat that can be rejected in the con- 
densers of the turbogenerators, and 
therefore has an effect upon the over- 
all size and design of the station. The 
site is within the area designated as 
the Snowdonia National Park and 
therefore careful consideration has to 
be given to the architectural treatment 
of the buildings, so that they blend 
with their surroundings. 

The lay-out of the buildings has 
been made as compact as possible, 
partly to reduce the extent of the 
levelling operations required—varia- 
tions in the natural level of the site 
exceed fifty feet—and also to mini- 
mize the effect of the expected bad 
weather conditions. Extensive use has 
been made of covered walk-ways 
where continuous passage of person- 
nel is expected between separate build- 
ings. The site may generally be con- 
sidered as three self-contained areas— 
turbine house, reactor and fuel dis- 
posal, and inter area movement has 
been kept to a minimum. This is 
largely achieved by partly encircling 
the site with the main access road and 
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by J. W. ASHLEY, B.Sc. 


Technical Director and Chief Engineer, Atomic Power Constructions Ltd. 


providing off-loading facilities to 
buildings requiring a general service 
from the public highway. 

Net station output from the two 
natural uranium, graphite-moderated, 
gas-cooled reactors is 500 MWe. Each 
reactor is contained in a _ spherical 
pressure vessel surrounded by a cylin- 
drical biological shield, and is housed 
in its own separate reactor building. 
The graphite moderator has 3720 verti- 
cal coolant channels, placed at 7} in. 
square pitch. Constant speed gas 
blowers circulate carbon dioxide at a 
pressure of 240lb/sq.in.g. to six 
boilers situated on either side of the 
reactor in two lines of three. 


THE CORE 

The active core is a twenty-four 
sided regular polygon, 24 ft in height, 
with an equivalent diameter of 444 ft. 
It is built of nine layers of graphite 
blocks placed with axes vertical. Tem- 
perature compensated steel restraints 
are positioned around the moderator, 
garter fashion, to retain the blocks in 
position. Each vertical stack of blocks 
is carried on a steel support plate with 
a ball-bearing interposed between this 
and the levelling plate on the support 
grid so that the graphite is free to 
move radially without large frictional 
forces Opposing such motion on the 
levelling plate. 

Moderator temperature is main- 
tained at a sufficiently high level to 
prevent the accumulation of any 
dangerous amount of Wigner energy 
by graphite sleeves around each cool- 
ant channel. All coolant channels are 


of the same diameter but removable 
gags are fitted at the lower end of the 
outer channels where the flux drops 
off so that the maximum design fuel 
can temperature is attained in them 


PRESSURE VESSEL 

The 61 ft i.d. pressure vessel is of 
welded construction, the main plate 
material being 34in. thick silicon 
killed carbon manganese steel. The 
vessel support consists of a cylindrical 
skirt connected to the vessel by butt 
welding through a cruciform junction 
ring; the outer skirt terminates in a 
flange, which rests on heavy steel 
stools and is located by radial keys 
Inside the shell the graphite moderator 
support structure is carried on an 
inner skirt, which is also butt welded 
to the cruciform junction ring. The 
moderator load is transmitted to the 
outside by the inner skirt, which is 
the same diameter and thickness as 
the outer skirt. 

This design has been based upon 
optimization studies which give the 
most economical combination of re 
actor physics and thermodynamic heat 
transfer. It is prudent to note, how 
ever, that design considerations influ 
ence the optimization to a large de 
gree in order to achieve the ultimate 
aim—low cost electricity generation at 
the lowest possible capital cost. To this 
end it will be seen that it has been 
decided to use a pressure vessel plate 
thickness of 34 in. Advances in weld 
ing techniques together with the latest 
radiographic examination methods 
now permits this, with the consequent 
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advantages of higher gas pressure and 
therefore improved reactor heat rat- 
ing. A not so obvious feature is the 
special design of moderator support 
structure which enables a large amount 
of graphite to be placed within a com- 
paratively small pressure vessel, with- 
out any prejudice to the headroom 
required by the fuel handling machin- 
ery. This gives a high utilization of 
the space within the pressure vessel 
and a core/pressure vessel ratio of 
over 41%, which enables a further ad 
vance in gas pressure to be made for 
the same pressure vessel plate thick- 


ness 


FUEL ELEMENTS 

At an early stage in the design the 
merits of hollow fuel elements were 
considered. It was apparent that there 
were considerable advantages to be 
gained, largely due to the higher chan- 
nel heat output obtainable with the 
higher specific fuel ratings which hol- 
low elements permit. However, in the 
time available it was not possible to 
evolve a design of hollow fuel ele- 
ments that appeared to offer as great 
a reliability in service as that which 
could be expected from a conventional 
solid rod design. On balance, it was 
felt. therefore that the probable diffi- 
culties outweighed the possible advan- 
tages and it was decided to adopt solid 
fuel rods. 

Each fuel element assembly, of 
which there are nine per channel 
placed one above the other, consists 
of a solid uranium bar canned in mag- 
nox alloy. The body of the can con- 


CROSS SECTION: 
1. Hinge bellows unit 
2. H.P. superheater 3. 
L.P. superheater 4. H.P. 
evaporator 5. H.P. eva- 
porator 6. H.P. econo- 
mizer 7. L.P. evapora- 
tor 8. L.P. evaporator 
9. Mixed economizer 
10. By-pass valve 11. 
By-pass valve 12. Com- 
pression bellows 13. Gas 
circulating house 14, 
Throttle valve 15. Con- 
tainment valve 16. 
Hanger failure emer- 
gency support 17. Re- 
movable floor plug 18. 
Active waste storage 
19. Cooling sleeve air 
inlet 20. shield cooling 
air inlet duct 21. CO2 
inlet duct 22. Valve 
motor room 23. Ther- 
mal column 24, lon 
chamber handling room 
Hanger failure 
emergency support 26. 
Cooling sleeve air inlet 
27. Shield cooling air 
filter room 28. Shield 
cooling plenum cham- 
ber 29. Damper 30. 
Shield cooling fan 31. 
Shield cooling discharge 
duct 32. Steam pipe 
race 33. CO» outlet duct 
34. CO: safety relief 
35. COs safety filter 
36. 450-ton E.O.T. crane 
37 20-ton auxiliary 
hook 38. Removable 
floor 39. 6 removable /; 
block access openings ~ 
40. Removable spool 
piece 41. Containment 
valve 42. Service duct A= | 
43. Portable service % 
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sists of a length of impact extruded, 
longitudinally finned tube twisted to 
give a spiral form. The dimensions of 
the extruded surface were chosen after 
extensive heat transfer tests, both in 
atmospheric and pressurized carbon 
dioxide test rigs. Four straight splitter 
vanes extending from the fin root 
almost to the internal diameter of the 
channel run the whole length of the 
fuel element and divide the flow pas- 
sage into four quadrants. As well as 
increasing the heat transfer properties 
of the basic finned surface these vanes 
resist any tendency of the fuel ele- 
ment to bowing, and keep it central 
in the channel. 

The choice of a solid rod, combined 
with a limit on the centre line uranium 
temperature, results in practice with 
an approximate maximum heat rating 
per channel. This has important reper- 
cussions on the choice of inlet, and to 
a lesser extent, outlet gas temperature. 
The most obvious is that the normally 











expected capital cost reduction in go- 
ing to as low an inlet gas temperature 
as possible with the steam cycle con- 
sidered is no longer significant, since 
the increase in channel rating obtained 
by reducing inlet temperature is now 
much less. The inlet temperature is 
also affected by the desire to main- 
tain higher graphite operating tem- 
peratures, so as to achieve faster an- 
nealing of the stored energy (Wigner 
energy). 

Practical methods of raising the 
bulk temperature of the graphite are 
the raising of gas inlet temperature, 
or the use of graphite or magnox 
sleeves in the coolant channels. It was 
soon found that the amount of ab- 
sorbing material introduced into the 
core with magnox sleeves of sensible 
thickness, even if extended only part 
way up the channel, would result in 
uneconomic core diameters. Suffi- 
ciently high gas inlet temperatures 
were also ruled out on economic 
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grounds. Graphite sleeves were there- 
fore chosen. With this design the gap 
between sleeve and moderator pro- 
vides an insulating barrier causing the 
heat generated in the graphite to 
maintain a sufficiently high graphite 
bulk temperature. An additional re- 
quirement, however, is that the sleeves 
shall be easily removed from the reac- 
tor. This is because although the main 
graphite moderator behind the sleeves 
is maintained at a temperature high 
enough to give safety throughout the 
reactor lifetime, the cooling gas tem- 
perature of the sleeves leads to a faster 
accumulation of energy, and they 
must therefore be changed at intervals. 
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CHARGE/DISCHARGE 


The reactor is fuelled from the top 
by means of a multipurpose charge 
machine which can connect with any 
of the 241 standpipes projecting from 
the upper part of the pressure vessel. 
The machine can handle control rods, 
which are normally housed in the 
standpipes and must be removed for 
each charging operation, fuel ele- 
ments, absorber rods and the neces- 
sary chutes and grabs associated with 


ae THE SITE. An ex- 
posed, uneven loca- 
tion in a bad 
weather area has 
dictated this com- 
pact layout, though 
variations in ground 
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fifty feet. The sta- 
tion is set out in 
three self-contained 
areas, turbine house, 
reactor and fuel dis- 
posal, and exten- 


Trowslynyds sive use will be 


made of covered 
walkways 
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Simplified flow diagram of the CO. sys- 
tem. The circulators are driven at con- 
stant speed and gas flow control is ob- 
tained from a combination of throttle 
valves in the main circuits and by-pass 
filters shown in the recirculating ducts 
to the boilers. The valves themselves 
are controlled using a signal which is 
derived from a change in the H.P 
steam pressure 


the charge/discharge operation. A 
feasibility study was carried out to de 
termine the best combination of a 
number of smaller units which could 
handle the charge/discharge opera 
tions, but it was found to be more 
economical to use one composite unit 
which, from the operational stand 
point, gave greater convenience. 

The charge machine consists of a 
pressure vessel approximately 60 ft 
high suspended inside a shielded struc 
ture by a rubber mounted gimbal 
joint. The complete assembly is trans- 
ported across the charge face by a 400 
ton crane. The crane grab is unusual 
in that the vertical movement is ob 
tained by three 200 ton screw jacks. 
The charge machine is connected to 
the standpipes by means of a pneuma- 
tically operated telescopic joint, and 
fuel elements can be lowered into any 
one of the 16 fuel channels served by 
the standpipe through a chute previ- 
ously lowered down from the charge 
machine. Each machine (two are pro- 
vided per reactor) has a _ rotating 
magazine in which sufficient fuel for 
several complete channels may be 
loaded. 
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REACTIVITY CONTROL 
keactivity is controlled by 185 ver- 
tically moving control rods. Each rod 
consists of a stainless steel tube with 
boron inserts, and is hung by a cable 
fri a drum. Control rod movement 
is given by a permanent magnet motor 


driving the drum, energized from a 
low frequency supply. The control 
rods are in four groups: fine, coarse, 


safety and override. The control rods 
may be positioned in any of the 241 
standpipes so that considerable flexi- 
bility has been built into the design, 
both from the point of view of the 
operation and the rod positioning. 

In the flattened region of the reac- 
tor. 24 standpipes are occupied by 
emergency shut-down devices. These 
are designed for operation in extreme 
emergency only and place sufficient 
absorber into the core to shut down 
the reactor, even if all the control 
rods remain out of the core. 


BOILERS 

Each reactor is provided with six 
boilers of the multi-tubular type with 
the tube elements arranged in banks 
in the boiler pressure vessel. The pres- 
sure vessel is 18 ft diameter and 116 ft 
high with double cone ends, supported 
from a cylindrical skirt. The cone 
ends connect with the main gas ducts 
which are S5ft 6in. diameter. The 
tube elements are arranged trans- 
versely to the coolant flow, and where 
the elements pass through the pressure 
vessel wall suitable sleeves are pro- 
vided to avoid the incidence of unde- 
sirable stresses. All penetrations of the 
tube elements through the pressure 
vessel are radial and are from the 
same side of the banks, an arrange- 
ment which reduces the amount of ex- 
ternal pipework required and also en- 
ables the construction of the internal 
baffles to be simplified. The boiler is 
arranged to suit a dual pressure steam 
cycle and has one L.P. and one H.P. 
steam drum. The evaporator banks 
consist of double flow tube elements 
and so bifurcations are used to reduce 
the number of holes in the pressure 
vessel wall and also the number of 
thermal sleeves. Assisted circulation 
through both H.P. and L.P. evapor- 
ator banks is employed, the circulation 
pumps being of the glandless electro- 
mersible type. 

Each tube element is fabricated 
from a flat strip which is helically 
wound on to the outside of a bare 
steel tube and electrically resistance 
welded. Exhaustive heat transfer tests 
in a pressurized carbon dioxide test 
rig have been carried out on the tube 
elements in order to obtain the best 
combination of fin height and pitch, 
and also the best arrangement of tube 
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elements in the gas stream. An inline 
arrangement has been chosen for the 
tube elements in all banks throughout 
the boiler. Each boiler is individually 
shielded along its entire length by 
shield walls which radiate from the 
biological shield. Steam drums and 
boiler auxiliaries are located in the 
space between these shield walls and 
so reduce the radiation levels and 
provide access to the boiler mountings 
while the reactor is on load. 

The shield walls are designed to stif- 
fen the reactor buildings. At their 
outer ends, connexion walls form the 
north and south faces of the building, 
and also provide further boiler shield- 
ing in order to reduce the radiation 
level on site to below 0:25 mrem/h. At 
boiler plinth level the reactor building 
is extended to form common circula- 
tor houses containing the drive 
machinery for the main gas blowers 
which are themselves situated below 
the boilers. The areas outside the bio- 
logical shield and remote from the 
boilers are divided into seven work- 
ing floors to house the equipment and 
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than outweighed the savings accruing 
from decreased duct runs and stand- 
pipe lengths. 


GAS FLOW 

Changes in the reactor heat output 
may necessitate variations in the gas 
mass flow and/or variation in gas 
temperature. The gas inlet tempera- 
ture to the reactor is determined by 
the combined characteristics of the 
boiler and blower control system and, 
in practice, cannot alter greatly with 
load even if the reactor design could 
permit such fluctuation. It is possible 
to vary the reactor gas outlet tem- 
perature but this method leads to very 
low thermodynamic efficiencies at part 
load and to serious thermal cycling of 
the fuel elements. Consequently, gas 
mass flow must of necessity be the 
main control variable. The variation 
of mass flow may be achieved either 
by using a variable speed drive to the 
gas blowers, as has been done in pre- 
vious designs, or by using a fixed 
speed drive in combination with fea- 
tures such as variable blade angles in 
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THE GAS CIRCULATOR. Single-stage axial flow design with two sets of fixed 

blade rings. Unlike previous power stations, Trawsfynydd’s blowers have no pro- 

vision for speed variation. On the few occasions when reduced blowing will be 
needed, an automatically-controlled by-pass is used to reduce mass-flow 


maintenance facilities required for the 
efficient operation of the reactor. The 
reactor building is primarily of rein- 
forced construction and close atten- 
tion has been paid to the economic 
aspects of shield design. Throughout 
the station a Portland cement concrete 
incorporating a local aggregate has 
been used, except for a grid of steel 
shot concrete just underneath the 
charge face. The use of heavy aggre- 
gates was investigated with a view to 
reducing the thickness of the main 
biological shields. However, the in- 
creased cost of the aggregate more 


the blower, a simple gas by-pass or a 
combination of by-pass and throttle 
valves. 

Altogether, ten different types of 
blower drives were investigated for the 
Trawsfynydd design. The system 
finally adopted consisted of squirrel 
cage induction motors with valve con- 
trol of the gas flow. In this system any 
doubts must rest not on the drive 
itself, which is inherently very reliable, 
but on the associated gas valves and 
their control system. The valves them- 
selves are, however, separate from the 
gas isolating valves which are required 
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with every system. They are of simple 
non-seating butterfly type and are ex- 
tremely robust and reliable; even if 
a fault does develop in the valves of 
one boiler circuit the operation of the 
station is little affected as the plant 
can run with the gas control valves of 
the affected circuit in any set position, 
whilst compensating action is taken 
on the remaining circuits. The gas by- 
pass is mechanically coupled in anti- 
phase to the throttle valve placed in 
the main gas circuit. The throttle valve 
is designed such that there is no com- 
plete shut-off of gas flow even when 
the valve is closed. The restriction of 
flow, therefore, which can occur only 
when the gas by-pass is fully opened, 
is such that adequate cooling by 
natural circulation is obtainable in the 
event of a complete shutdown from 
any possible operating condition, and 
the fuel element temperature is kept 
well below the design value. The by- 
pass valve allows the gas to return to 
the blower inlet without cooling, so 
that the thermodynamic heating in the 
blower compensates for the fall in the 
boiler outlet temperature which would 
otherwise occur as the reactor 
was reduced to meet part load 
ditions. This results in an almost 
stant reactor inlet temperature 
the operating flow range. 
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TURBOGENERATORS 

The design of the turbogenerating 
plant for a nuclear power station 
tends to become overshadowed by that 
of the reactor. Consequently, the low 
efficiencies associated with the rela- 
tively poor steam conditions obtained 
at nuclear power stations have for the 
most part been accepted as unavoid- 
able. At Trawsfynydd, however, this 
cannot be so as the capacity of the 
adjacent lake, from which the 35 mil- 
lion gallons per hour of cooling water 
for the main condensers is obtained, 
is such that there is a limit to the 
amount of heat that may be trans- 
ferred in the main condensers and 
hence rejected to the lake. In this 
instance, therefore, low turbogenera- 
tor efficiency means a low net output, 
irrespective of the capabilities of the 
remaining plant, and an unavoidable 
increase of generation costs. 

To obtain a better efficiency, higher 
steam stop valve conditions are re- 
quired, and these have been raised to 
927 Ib/sq.in.g. and 715°F for the 
H.P. steam and 290 1b/sq.in.g. and 
685°F for the L.P. steam. Normally 
these steam conditions would lead to 
excessive moisture in the exhaust 
stages of the turbines, but to counter 
this, special means have been incor- 
porated between the intermediate and 
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exhaust cylinders of the turbog:n- 
erators for the extraction of the mvis- 
ture. The turbogenerators themsel /es 
are four cylinder machines havin; a 
continuous maximum rating of ‘45 
MW. The sets discharge through ix 
exhausts to twin condensers. To re- 
duce the size of the generators at tis 
high rating, water cooling has been 
adopted. 
STATION CONTROL 

Control of the whole station will 
be from a single central control room 
built integral with the turbine house 
In general, major items of plant, such 
as turbogenerators and boilers, are 
started locally but once the plant is 
running at power all operations are 
carried out from the control room 
This houses all the controls necessary 
for the adjustment of reactor power 
and for the turbogenerators, together 
with indicators and recorders for im- 
portant pressures, temperatures and 
plans. Equipment is provided for the 
automatic control of the reactor in- 
stabilities using nine independent con- 
trol rod servo systems operating from 
average values of channel gas outlet 
temperature, whilst provision is also 
made for an overall automatic control 
system for the station using a signal 
derived from the steam pressure to 
control the gas flow. 
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THE FUELLING SCHEME. Starting at (1) the fuelling machine 
is loaded with fresh fuel elements from the preparation room 
At this point the machine is still carrying an unserviced control 
rod which was removed from the reactor. (2) The control rod 
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is exchanged for a serviced rod. (3) The machine is pressurized 
and located over the charge hole. The charge chute is inserted, 
spent fuel elements removed, new ones inserted, control rods 
exchanged and charge chute retracted. (4) The machine is 
depressurized and the spent fuel elements, with their graphite 
sleeves, are discharged. The sleeves are crushed to reduce their 
bulk and for the same reason the longitudinal splitters on the 
fuel elements are sheared off. 
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2— Technical calculations 


by S. A. YOUNG, M.A., D.Phil., F.Inst.P. 


Chie? Physicist, Atomic Power Constructions Ltd. 


HE TECHNICAL calculations in 
penta of a nuclear power station 
tender keep a large number of scien- 
tists occupied for several months. In 
this short article it is possible to men- 
tion only a few aspects of the large 
quantity of theoretical work which 
was done for Trawsfynydd. Most of 
the basic methods used for the reac- 
tor physics and other calculations are 
fairly well known and it would be 
wasteful to recall them here. An 
attempt has therefore been made in 
this article to highlight some points 
which may be of particular interest. 

During the design and tendering 
stages of the Trawsfynydd station 
most of the collaborative work of the 
other four consortia was denied to 
APC and, except where specific re- 
commendations were made by the 
UKAEA, in many cases we had to 
derive our own methods of calcula- 
tion. At all stages we were fortunate 
in having the closest cooperation of 
the Authority both at Harwell and 
Risley, and the CEGB. 

The worth of high speed digital 
computers in technical calculations of 
the kind to be described cannot be 
overestimated. For the final design cal- 
culations of the Trawsfynydd station 
alone many thousands of pounds were 
spent on machine time; such a volume 
of work could not otherwise have 
been completed in the time available. 
Digital computers were used not only 
for reactor physics problems such as 
the determination of lattice properties 
and the build-up of plutonium iso- 
topes with fuel irradiation, but also 
for a wide variety of other problems, 
some of which are discussed below. 


Reactor performance 


An important difference in design 
approach between Trawsfynydd and 
the other nuclear stations under con- 
struction in the UK is that the speci- 
fied design condition is the irradiated 
case of fuel-cycle equilibrium ; for the 
other stations it is the virgin charge 
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condition. Since fuel-cycle equilibrium 
is expected to occupy about 85 per- 
cent of the station life, and the design 
output will be achieved during over 
95 percent of the life, this appears to 
be a more satisfactory way of specify- 
ing the design; it has been made pos- 
sible by recent improvements in the 
accuracy of predicting long-term reac- 
tivity effects. It does, however, in- 
crease the importance of accuracy in 
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forecasting the effects of fuel irradia- 
tion on reactor performance. Difficul- 
ties are also introduced in the station 
acceptance tests relating to the guaran- 
tee of net electrical output since these 
tests are now due to take place after 
several months of full power opera- 
tion and must take proper account of 
the change of reactor properties with 
irradiation. However, with the new 
approach there is greater confidence 
that the rest of the station is correctly 
matched to the reactor output for most 
of the station life. 

An equilibrium continuous charge 
and discharge fuel cycle has been 
chosen in which 4 channels of fuel 
are replaced at each visit by the 
charge machine to a standpipe. No 
delay in the onset of fuel replacement 
is intended since, as is now well 
known, such a delay leads only to 
increased rates of charge machine 
utilization without any economic ad- 
vantages. The limits set on fuel irradi- 
ation for determining the design con- 
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ditions are 4500 MWd/t or 5 years 
dwell-time, whichever occurs first, and 
these lead to a value of the pile reac- 
tivity without absorber which is 1:3 
percent higher at equilibrium than at 
start-up. The pile average moderator 
temperature coefficient of reactivity at 
equilibrium varies with temperature 
from 5 <x 10 Cat O°C w+ 12 

10~°/°C at the mean graphite oper- 
ating temperature of 360°C; the fuel 
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coefficient is 2 X 10-5/°C and is 
not very dependent on temperature. 
It is obviously desirable to get the 
maximum output from each fuel chan- 
nel in the reactor within the limita- 
tions imposed by maximum can and 
uranium temperatures. These tempera- 
tures depend on the distribution of 
heat sources along a channel, and the 
determination of the latter is one of 
the problems where the effects of fuel 
irradiation are important. The equili- 
brium channel heat source distribu- 
tion of a Trawsfynydd reactor was de- 
termined in the following way. The 
core was sub-divided into a number 
of axial zones, and by a series of lat- 
tice and burnup calculations, which 
included the effect of the axial varia- 
tion of uranium and graphite tem- 
peratures and neutron spectrum, the 
lattice properties were determined as 
a function of axial position and chan- 
nel irradiation. In order to investigate 
an ‘average’ centre channel, these 
properties were suitably averaged over 
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the radial distribution of irradiations 
within a small radial zone of the reac- 
tor and with these mean properties a 
computer programme was used to ob- 
tain the multi-zone, two-group axial 
flux distributions. Very little iterative 
adjustment of the distributions of tem- 
perature, xenon poisoning and flux 
was found to be necessary. With the 
flux distributions known, the spatial 
variation of fission cross-section then 
led directly to the axial heat-source 
distribution shown in Figure 1. Also 
shown in Figure | for comparison is 
the heat-source distribution applicable 
to unirradiated fuel and it is seen that 
the effects of fuel irradiation produce 
a significant change. 

A consequence of the distorted heat- 
source distribution discussed above is 
that Ginn’s equation, which in its 
usual form assumes a cosine heat- 

2. 


channel gag sizes and the variations 
in the maximum fuel element tempera- 
tures caused by the many variations 
from the idealized channel perform- 
ance. 


Control conditions 

An essential aspect of control statics 
is that there must be enough control 
rods to ensure that the reactor can 
be shut-down under all conditions 
which can conceivably arise in prac- 
tice. The factors to be taken into 
account include xenon poisoning, tem- 
perature variations, fuel irradiation 
and the possibility of a delay in the re- 
patterning of flattening absorber 
needed to compensate for changes in 
core properties with irradiation. 
Figure 2 gives the variation in reacti- 
vity during the approach to fuel- 
cycle equilibrium of a Trawsfynydd 
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source distribution, is not adequate for 
the determination of fuel element tem- 
peratures, etc. It is inadequate in 
another respect also due to its neglect 
of variations in coolant specific heat, 
fuel thermal conductivity, etc., with 
position. In order to take account of 
these variations, a computer pro- 
gramme which uses a numerically spe- 
cified heat-source distribution as part 
of the input data was written to per- 
form a step-by-step integration of the 
heat balance equations along the chan- 
nel. The neglect of variations in fuel 
and coolant properties with position 
can lead to an error of up to 2 percent 
in the channel coolant mass flow re- 
quired to maintain given maximum 
fuel-element temperatures, and the use 
of a cosine distribution instead of the 
more accurate ones such as those of 
Figure 1 would, of course, lead to fur- 
ther significant errors. 

This determination of channel per- 
formance provides another good ex- 
ample of the essential part played by 
digital computing methods since, even 
after the design point is fixed, the cal- 
culation described above must be 
made a large number of times in order 
to ascertain such things as practical 
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reactor with control rods fully in- 
serted. The curves shown relate to a 
reactor with no xenon poisoning ; sim- 
ilar curves could be drawn for a poi- 
soned reactor but would fall well be- 
low, and hence on the safe side, of 
the corresponding ones of Figure 2. 
The ‘worst’ control condition for 
a Trawsfynydd reactor, i.e. the con- 
dition for which the maximum num- 
ber of control rods is needed, corres- 
ponds to the maximum of curve A of 
Figure 2 which assumes pessimistically 
that there has occurred a 3 month 
delay in the adjustment of flattening 
absorber. This worst control condi- 
tion occurs at a time equivalent to 
about three and a half months of full 
power operation and before the com- 
bined reactor temperature coefficient 
has become positive. Although not 
shown by Figure 2, more rods are 
needed here than at fuel-cycle equili- 
brium even if a moderator tempera- 
ture coefficient of reactivity of + 15 
x 10-°/°C combined with a_ bulk 
graphite temperature transient of as 
much as 100°C were possible. It 
may be noted from Figure 2 that the 
reactivity of the reactor with control 
rods inserted never exceeds 2°6 


percent. This is more than adeq: ite 
for a separate ‘safety’ bank of © n- 
trol rods holding about 0:5 per: ont 
in reactivity and includes both a r ir- 
gin to ensure positive shut-down nd 
an allowance for possible error: in 
the control .rod calculations. 

Kinetic behaviour is also of g: at 
interest and the response of he 
Trawsfynydd reactor and its associ: ed 
control system to a wide variety of 
expected operational situations «nd 
postulated fault conditions has b-en 
extensively studied using both « ia- 
logue and digital computing meth«ds. 
However, it is possible to mention 
here only one aspect of this subject 


Flux stability 

It has already been stated that at 
fuel cycle equilibrium the moderaior 
temperature coefficient of reactivity at 
Operating temperature is + 12 
10-°/°C and this relatively high posi- 
tive value leads to the possibility of 
both total power instability and 
spatial instabilities. In collaboration 
with the UKAEA considerable theore- 
tical effort has been devoted to this 
latter problem, and it is found for 
the Trawsfynydd_ reactors _ that, 
although axial instabilities will not 
occur, some of the lower radial modes 
of oscillation may be excited. The 
method of control adopted consists of 
dividing the reactor into a small num- 
ber of zones and assigning to each 
one a fine control rod which is nor- 
mally partly inserted into the core. 
Each rod is moved separately to coun- 
ter spatial variations in power and 
they are moved simultaneously for 
total power variations; operation is 
automatic and uses an error signal 
derived from thermocouple measure- 
ments of the mean bulk outlet tem- 
perature of the zones. This system en- 
sures that full control is maintained 
at all times. 

The use of such fine control rods 
or other absorbers which are more 
or less permanently inserted into the 
core but do not penetrate it fully can 
introduce large distortions into the 
neutron flux distributions. The calcu- 
lation of the steady state flux distri- 
butions under these conditions is 
essentially a three-dimensional prob- 
lem which, although not difficult in 
principle, involves an immense amount 
of numerical work. Although it is 
already known that the loss of out- 
put, if any, due to such a control 
system will not be prohibitive, the de 
tailed study of this problem is still 
being carried out using both digital 
computing methods and a_ thermal 
analogue technique. 

The thermal analogy just mentioned 
has proved to be a most useful method 
for the approximate representation of 
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A thermal analogue 
technique was used to 
simulate the effective- 
ness of a partially in- 
serted control rod 
(Fig. 3) 


/curve 
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fractional insertion of contro/ rod 


a variety of reactor core conditions. 
It is based on the fact that the instan- 
taneous temperature distribution in a 
cooling solid obeys the same diffusion 
equation as the one-group neutron 
flux distribution in a reactor core. This 
analogy can thus be applied to solve 
some reactor problems where asym- 
metry or multiplicity of effects make 
calculation difficult. Examples are the 
effectiveness and interaction of con- 
trol rods, mentioned above, the effects 
of zones of different multiplication due 
to flattening by absorbers or to lattice 
pitch variations, and the distribution 
of flux during the loading of the core. 

In the thermal model a reactor core 
is represented by a hot solid of simi- 
lar shape placed so that it loses heat 
to cooler surroundings. The material 
chosen is a wax of appropriate ther- 
mal diffusivity. Control rods and neu- 
tron-absorbing bars are represented by 
cooled holes drilled into the wax, and 
reactor cores in which the neutron 
flux pattern has been flattened by ab- 
sorbers are represented by composite 


"THE GEOGRAPHICAL location 

of Trawsfynydd has called for 
special civil engineering considerations 
in planning the site and _ construc- 
tion methods. The isolated position 
and the gradients and curves in the 
roads leading to the site have led 
to unusual attention to the arrange- 
ments for the transport of heavy 
equipment during the construction 
period. The main road improvements 
have been concentrated on the 8-mile- 
long road from Portmadoc Harbour, 
while the harbour itself is being 
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models made from waxes of different 
diffusivities. 

A simple example of the use of the 
analogue is shown in Figure 3. This 
shows a comparison between reactor 
theory and the thermal analogue for 
the effect of a partially inserted con- 
trol rod. 


Shielding and radiological safety 
Control of hazards due to external 
radiation is achieved primarily by 
dividing the station into a ‘ radiation 
area” and a ‘non-radiation area’ 
separated by fencing, with access to 
the radiation area through a combined 
check point and change room. The 
main sources of radiation are shielded 
so that in the non-radiation area the 
maximum dose due to all sources will 
not exceed 0:15 rem/y, which is thus 
well on the safe side of the maximum 
level of O-Srem/y recommended by 
ICRP for non-radiation workers. In 
the open part of the radiation area 
the maximum dose rate does not ex- 
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dredged to accommodate vessels up 
to 1600 tons so that the major loads 
may be brought in by sea and thence 
by the comparatively short length of 
improved road. 

The very exposed site is more than 
600 ft above sea level and special con- 
sideration has been given to the effect 
of the high rainfall normal in the area 
on the output of men and machines. 
The nature of the terrain allows the 
more important foundations to be 
economically taken down to _ rock 
which is generally covered by glacial 


ceed 0:24 mrem/h. The safety of the 
general public is assured because, in 
areas to which they have free access, 
the dose rate does not exceed 0-06 
mrem/h and the dose rate at the near- 
est habitation is less than 0°01 mrem/h. 
Within the radiation area, careful 
shielding design combined with a de- 
tailed analysis of the tasks to be per- 
formed has ensured that there are no 
areas to which access need be re- 
stricted for routine operations. For ex- 
ample, each of the boilers is enclosed 
within a concrete shield but the steam 
drums and associated valves and 
gauges are placed outside to give un- 
restricted access for inspection. The 
annual dose received by personnel 
working continuously at any routine 
task within the radiation area does 
not exceed 2:5 rem, i.e. the average 
dose rate is not greater than 1:1 
mrem/h. In addition no transient dose 
rates greater than 2°5 mrem/h are en- 
countered in any routine operation, 
consideration having been given to the 
problem of clearing faults which may 
lead to the prolongation of such tran- 
sients. In some parts of the plant to 
which occasional access by operating 
personnel may be needed, the dose 
rate varies widely depending on the 
operation in progress. To ensure the 
safety of operating personnel in such 
cases, without recourse to a ‘* permit to 
work’ system, access to these areas is 
controlled by interlocked doors which 
can be opened only if safe conditions 
exist within the room. Maintenance 
personnel are protected against the 
dangers of higher-than-normal dose 
rates by a ‘ permit to work’ system. 


3—Civil engineering 


by D. H. NEW, M.L.C.E., M.I.Mech.E., M.1.Struct.E. 


Chief Engineer, Nuclear Civil Constructors 


moraine with deep tongues of peat; 
both the moraine and the peat con- 
tain heavy boulders which complicate 
the excavation problem, involving in 
all some 450,000 cubic yards of 
material. Variation in the natural 
level of the site exceeds fifty feet. The 
rock itself belongs to the Rhinog grit 
series of the Cambrian system, the 
most prevalent type within the series 
being a silicious medium-grained grey- 
wacke. The total requirement for con- 
crete over the construction period is 
in the order of 200,000 cubic yards 
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PRINCIPAL STATION DATA 


Type 
Graphite 
cooled 


moderated, carbon dioxide 


Performance 


Guaranteed output 
Reactor heat output 
Reactor inlet tempera- 
ture 200° ¢ 
Reactor outlet tempera- 
ture 399° ¢ 
Design max. fuel ele- 
ment temperature 
Gas pressure at reactor 
inlet 240 Ib /sq. in. g 
Gas flow rate 9000 Ib /s 


S00 MW 
870 MW 


440°C 


Fuel 


Material natural uranium 
rods 
Diameter of rod 1-125 in 

Number of rods per 
channel y 
Number of rods _ per 
reactor 
Weight of uranium per 
reactor 280 tons 
Canning material magnox 
Fins longitudinal 
spiral 
graphite 


33,480 


Sleeves 


Graphite Core 


Height of active core 


Diameter of active core 44-5 ft 
Number of fuel element 

channels 3720 
Lattice pitch 7} in. 
Number of control rod 

channels 241 
Total weight of gra- 


phite per reactor 1900 tons 


Pressure Vessel 


Shape spherical 
Internal diameter 61 ft 
Plate thickness 34 in. 
Plate material silicon-killed car- 
bon manganese 
steel 


Operating pressure 240 lb /sq. in. g 


Control Rods 


Control rod material 

Number of rods per 
reactor 

Length of control rod 

Diameter of control 
roc 

Weight of control rod 


boron steel 


Main Circulators 

Type of circulator single stage axial 
Number per reactor 6 

Type of drive constant speed 


Type of motor _ Squirrel cage 
induction moto: 
Blower power 6200 h.p. 


Running speed 2950 rev/min 


Main Ducts 


Number per reactor 
Diameter 
Plate thickness 


Boilers 

Number per reactor 6 

Type shell and tube 
Diameter 18 ft 

Length of shell 116 ft 

Shell material boiler plate 
Shell thickness 24 in. 

Boiler tubing Tube Products 
extended surface 


Turbogenerators 

Number of sets per 
Station 4 

Continuous maximum 
rating 

Speed 

Stop valve conditions— 
H.P. pressure 927 Ib /sq. in. g 
H.P. temperature T1S°F 
L.P. pressure 290 Ib /sq. in. g 
L.P. temperature 685°F 

Final feed temperature 220°F 


145 MW - 
3000 rev/min 





and a feature of the overall plan is the 
extensive use being made of precast 
concrete. 

The overall dimensions of the re 
actor buildings are 298 ft 180 ft in 
plan and 179 ft high with a sub-struc- 
ture extending 17ft 9in. below the 
finished ground level. They are pri- 
marily reinforced concrete structures 
with the exception of parts of the 
boiler houses, crane beams and roof 
framing which are in structural steel. 


Biological shield 

The biological shield surrounding 
the pressure vessel is structurally in- 
dependent of the building. The boil- 
ers are at the north and south ends 
of each reactor building, three at each 
end, on raised plinths with gas circu- 
lators directly below them at ground 
level. The charge face, which extends 
between the boiler houses at the level 
of the top of the biological shield, will 
be just over 75 ft above ground level. 

The bulk of the reactor buildings 
will be finished externally with precast 
concrete panels while the external 
faces of the boiler house cells will be 
of in situ concrete. Concrete has been 
selected not only because of its prac- 
ticability for shielding but also for its 
particular suitability for external sur- 
faces on an exposed site. 

The rock occurs close enough to 
the surface to allow all major foun- 
dations either to bear directly on it or 
be taken down to it in mass concrete, 
the possible effects of differential 
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movement between the reactor and the 
boilers and blowers thereby being 
eliminated. 

The reinforced concrete biological 
shield will vary in thickness between 
10 ft and 10ft 6in. forming a cylin- 
der 70ft internal diameter and ex- 
tending from foundation level to a 
height of 93 ft; the top slab will be 
11 ft 6in. thick with its upper face 
level with the charge face floor. The 
inner face of the shield is cooled by 
air flowing through a cavity between 
twin steel plates, one of which forms 
a permanent shuttering to the con- 
crete. Due to the considerable bulk 
necessary to provide biological protec- 
tion, the shields easily carry the heavy 
loads which are imposed on them at 
charge face level. The design of the 
top slab itself is a special construc- 
tional problem which has been over- 
come by adapting an unusual tech- 
nique in precast concrete. The placing 
and consolidation of the concrete in 
the shield walls is complicated by the 
multiplicity of mechanical and elec- 
trical items that must be embedded in 
them both vertically and horizontally 
but the essential detailed planning will 
ensure the necessary accuracy. 

Boiler installation 

Closely detailed planning will also 
be needed for the installation of the 
boilers and the structural steelwork 
and concrete in their vicinity. The 
boilers, which are some 18 ft in di- 
ameter and 108 ft in height, are car- 
ried on reinforced concrete portals 


and set on plinths 31 ft above ground 
level. A structural steelwork frame 
carrying the access stairs, boiler 
drums, intermediate platforms and 
temporary ‘clean conditions’ rooms 
will be erected round them for the 
fuil height. As the boiler pipe work 
is completed the enclosing reinforced 
concrete walls will be cast in situ. 
Walls are sized for shielding purposes 
and vary between 12in. and 18 in. in 
thickness and are 100 ft high. As the 
cells formed by these walls and en- 
closing the boilers and their accom- 
panying steelwork are only 29 ft 26 ft 
internally, it will be appreciated that 
the construction programme has been 
most carefully planned. 


Cooling pond 

The overall dimensions of the cool- 
ing pond are 335ft x 35ft x 20ft 
deep; it is parallel with the reactor 


buildings, irradiated fuel elements 
being conveyed to it at each end 
through massive reinforced concrete 
chutes. An overhead crane with a 
specially designed arm runs the whole 
length of the cooling pond for fuel 
handling and finally brings the cool 
elements to the despatch bay at the 
centre of the pond from where they 
are removed for treatment elsewhere. 
Particular care will be given to the 
imperviousness of the reinforced con- 
crete pond, the foundations of which 
are taken down to rock. The thickness 
of the walls and bottom slab is gen- 
erally about three feet. Construction 
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Reactor building No. | 51 Shield cooling discharge duct 
Reactor building No. 2 52 Steam pipe race 

Turbine house 53 Gas outlet duct 

Cooling pond 54 Relief valve filter 

New fuel store 55 Safety relief valves 
Workshop block 56 |.p. main steam stop valve 
Administration block 57 h.p. main steam stop valve 
Gate house and weighbridge 58 400-tonE.O.T.charge face crane 
Active waste disposal area 59 Fuel handling machine 
Switching compound 60 Fuel handling machine control 
h.p. superheater outlet room 

h.p. superheater inlet 61 Portable service trolley 

l.p. superheater outlet 62 Service duct 

l.p. superheater inlet 63 Mortuary tubes 

h.p. evaporator outlet 64 Biological shield 

h.p. evaporator inlet 65 Main gas stop valve 

h.p. economizer outlet 66 Pressure vessel cooling hood 
h.p. economizer inlet 67 b.s.d. pipes 

l.p. evaporator outlet 68 Pressure vessel 

l.p. evaporator inlet 69 Control rods 

Mixed economizer h.p. outlet 70 Graphite core 

Mixed economizer |.p. outlet 71 Charge tubes 

Mixed economizer I.p. inlet 72 Fuel elements 

Mixed economizer h.p. inlet 73 Thermal column 

h.p. superheater 74 Cooling water tank 

l.p. superheater 75 h.p. boiler safety valves 

h.p. evaporator 76 1.p. boiler safety valves 

h.p. economizer 77 Shield cooling stack 

l.p. evaporator 78 Fuel handling machine trans- 
Mixed economizer porter 

Compression bellows 79 Maintenance bay door 

Boiler No. 2 80 Ventilators 

Boiler No. 3 81 Boiler safety valve silencer 
Boiler No. 5 82 Gas safety valve escape pipes 
Gas circulator 83 Control rod operating room 
Gas flow control valves 84 Fuel handling machine main- 
Gas recirculating duct tenance bay 

20-ton E.O.T. crane 85 Access opening 

Access way 86 b.s.d. piping area 

Constant load support hangers 87 Control rod plant room 
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Hanger failure emergency sup- 





eam pipe area 


port 89  b.s.d. gallery 
42 Gas inlet duct 90 b.s.d. room 
43 Shield cooling air duct 91 Steam pipe bridge to turbine 
44 Ventilation louvres house 
45 |.p. boiler drum 92 Ion chamber handling room 
46 Shield cooling fan 93 Store area 
47 Shield cooling air filter 94 Main entrance 
48 Shield cooling fan inlet dampers 95 Covered way from reactor area 
49 Shield cooling plenum chamber charge rooms 
50 h.p. boiler drum 96 Cable duct 

Site plan 
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DESIGNERS AND MAIN CONTRACTORS 


Atomic Power Gonstructions Limited 


Constituent members of the company and their main share in the contract are: 


CROMPTON PARKINSON LTD: 
FAIREY AVIATION LTD: 


INTERNATIONAL COMBUSTION (HOLDINGS) LTD: 
RICHARDSONS WESTGARTH & CO LTD: 


NUCLEAR CIVIL CONSTRUCTORS: 


transformers, switchgear, cables 

charge machines, control rod mechan- 
isms, graphite machining and 
b.s.d. equipment 

boilers, ductwork, biological shield cooling 
turboalternators, condensers, gas circu- 
lators 


laying. 


civil engineering 
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Excavation of the site is complicated by 
the extensive amounts of peat mixed 
with large boulders 


joints including water bars have been 
placed at about 20 ft centres in order 
to confine shrinkage cracks to pro- 
perly treated lines. 

The turbine hall, which will house 
four turboalternators arranged trans- 
versely, is 370ft X 140ft and 96ft 
high of steel-frame construction with 
a steel decking roof. The floors and 
parts of the roof of the electrical and 
mechanical annexe are in reinforced 
concrete. The foundations of the turbo 
blocks and of all stanchions are taken 
down to rock as are also the circu- 


lating water ducts within the area. 
The hall has a sub-basement used for 
services and those parts of the cir- 
culating water system that lead to in- 
dividual sets. The areas of walling not 
glazed will again be clad in reinforced 
precast concrete slabs. 

The pump house, a reinforced con- 
crete structure situated on the shore 
of Lake Trawsfynydd, draws water 
from the cold water lagoon. It con- 
tains six horizontal centrifugal pumps 
which deliver to the turbine hall 
through twin mild steel pipes 9 ft 10 in. 
in diameter, encased in concrete and 
generally founded on rock. The out- 
let, which is through a concrete struc- 
ture to the warm water lagoon, in- 
corporates an automatic safety gate 
for the security of the reservoir. Pre- 
cautions will be taken to ensure the 
complete safety of the site from flood- 
ing during the construction period. 


Local stone finish 

The precast concrete cladding units 
which are a feature of the Traws- 
fynydd project are a development of 
the system carried out for The Pressed 
Steel Co. Ltd. at Swindon and de- 
scribed in a paper read to the Insti- 
tution of Structural Engineers by New 
and Sanders on February 28, 1957. 
While the general details are the same, 
some of the panels are much larger, 


being up to 20ft long and 8 ft high. 
The panels will be supported on 
brackets on the columns and pulled 
back against them by the use of jigs 
and cast-in sockets, slightly different 
methods of final fixing being adopted 
when the slabs are attached to a steel 
superstructure instead of a reinforced 
concrete frame. The exposed surface 
of the facing panels will be finished 
with crushed grey stone from local 
quarries. 


Crane track foundations 20 ft down 

The civil engineering work required 
for the fabrication and erection of 
the pressure vessels and boilers is in 
itself a major task. The most impor- 
tant item, the Goliath crane track 
foundations, is taken down to solid 
rock, in some places more than 20 ft 
below rail level. The workshops them- 
selves are founded on well-consolida- 
ted fill but the foundations for the 
hydraulic test beds and stress reliev- 
ing furnace for the boilers are taken 
down to undisturbed detritus. Consoli- 
dation of the fill is being carried out 
by rubber-wheeled rollers of up to 50 
tons in weight. 

The various ancillary buildings are, 
in the main, of reinforced concrete 
again clad in precast facing units to 
tone with the general pattern of the 
major buildings. 








Industry’s Contribution 


Designers and main contractors 


ATOMIC POWER CONSTRUC- 
TIONS LTD. 


Main allocation of work 
CROMPTON PARKINSON LTD. 


275 kV generator transformers, station, unit and 
auxiliary transformers, 11 kV, 750-MVA switchgear, 
415 V switchgear, switchgear control panels, auxili- 
ary motors and alternators, cables, lighting equip- 
ment, 


FAIREY AVIATION LTD. 

Reactor equipment including: charge machines, con- 
trol rod mechanisms, graphite machining and laying, 
graphite sleeves, irradiated fuel disposal equipment, 
b.s.d. equipment, 

INTERNATIONAL COMBUSTION 
(HOLDINGS) LTD. 


Twelve boilers, each of 150 MW heat rating, main 
and recirculation CO, gas ducting, biological shield 
cooling system. 
RICHARDSONS WESTGARTH & 
co. LIB. 


148 MW turboalternator sets, condensers and feed 
heating plant, dump condensing plant, CO, gas 
circulators and associated plant. 


NUCLEAR CIVIL CONSTRUCTORS 


(comprising Holland & Hannen and 
Cubitts Ltd. and Trollope & Colls 
Ltd.) 


Civil engineering work 


Consultants to N.C.C. 


MR BASIL SPENCE 
Architect 
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MESSRS. MOTT, HAY & ANDERSON 


Civil engineers 


MESSRS. NORTHCROFT NEIGHBOUR & 
NICHOLSON 
Quantity surveyors 


Sub-contractors to date 


ABBOTT, ANDERSON & ABBOTT LTD. 
Protective clothing 

BABCOCK & WILCOX LTD. 

Reactor pressure vessels, portmadoc jib crane, and 
400 ton goliath crane 

ERNEST BATLEY 

Temporary buildings 

BILL SWITCHGEAR LTD. 

Site temporary switchgear 

J. BLAKEBOROUGH & SONS LTD. 
Throttle by-pass valves and main CO, circuits 
BRITISH OXYGEN GASES LTD. 

First aid equipment—resuscitator 

THE BRITISH REFRASIL CO. LTD. 
Internal insulation for reactor pressure vessel 


MALCOLM CAMPBELL LTD. 
Safety helmets 


COWANS, SHELDON & CO. LTD. 
Turbine house cranes 

CRANE PACKING LTD. 

Gas seals 

DETEL PRODUCTS LTD. 

Special anti-corrosion treatment 
DRYSDALE & CO, LTD. 

C.W. pumps 

ENFIELD CABLES 

Generator connexions 


ENFIELD ROLLING MILLS LTD. 
Busbars 


ENGLISH ELECTRIC CO, LTD. 
Phase indicator 


EVERSHED & VIGNOLES LTD. 
Continuity tester and insulation tester 
WILLIAM E. FARRER LTD. 

Outfall penstocks 

GLENFIELD & KENNEDY LTD. 
Auxiliary valves 

HARDUN & SONS LTD. 

Temporary and sectional buildings 
HOPKINSONS LTD. 

Isolating valves for 66 in. main CO, ducting 
JAMES, YOUNG & CUNNINGHAM 
Cast-iron valves, bends, flanges, tees, etc. 
ALBERT MANN ENGINEERING CO. LTD. 
Throttle by-pass valve controls 

MATHER & PLATT LTD. 

Fixed fire fighting 

MEDWAY BUILDINGS AND SUPPLIES LTD. 
Permanent site buildings 

NECKAR WATER SOFTENER CO. LTD. 
Filters for site temporary water supply 
NUSWIFT LTD. 

Fire fighting equipment 

PLESSEY NUCLEONICS LTD. 

Burst slug detection equipment 


PRITCHETT & GOLD & E.P.S. CO. LTD. 
Batteries and charging equipment 
SHELL-MEX & B.P. LTD. 

Lubricants 

THE STANTON IRONWORKS CO. LTD. 
Cast-iron pipes, bends, fittings, etc. 

J. M. STEEL & CO, LTD. 

Tempilsticks 

TUBE PRODUCTS LTD. 

Finned tubes 

VOKES GENSPRING LTD. 

Pipe support hangers 

WALLACE AND TIERNAN LTD. 
Intermittent desliming plant 


ALLEN WEST & CO. LTD. 
Switchfuse and contactor equipment 








Comparison of future chemical and nuclear 
rockets shows that hydrogen-propelled 
graphite reactors may offer distinct advan- 


tages, especially for larger payloads 


The performance of 
nuclear rockets 


by O. H. WYATT, Ph.D., M.A., A.M.I-Mech.E. 
Senior Projects Engineer, Hawker Siddeley 
Nuclear Power Co. Ltd. 


ANY PROPOSALS have been put forward for apply- 

ing nuclear energy to rocket propulsion (/,2). In the 
simplest scheme, a propellant is pumped at pressure 
through a solid reactor core, where it is heated, and ex- 
panded through a nozzle to give a high velocity jet ; 
typical arrangements are shown in Figures la and 1b. This 
scheme is being developed in the USA under project 
Rover using a uranium 235-graphite reactor and hydrogen 
propellant. It was recently reported that a reactor for 
this project has been given a successful ground test at 
Los Alamos; details have not been released. Two papers 
on direct cycle reactor rockets were presented by authors 
from industry at the recent Commonwealth Spaceflight 
Symposium and the 10th International Astronautics Con- 
gress. Wyatt (3) investigated the use of graphite moderated 
uranium-235 or plutonium-239 thermal reactors with hy- 
drogen or ammonia propellant for single stage launching 
rockets. Newgard and Levoy (4) extended the application 
to the second stage of a launching vehicle, with a chemical 
first stage booster, and to a space vehicle moving between 
a terrestrial orbit and that of another planet such as 
Mars. The parameters and conclusions of the two papers 
were in general agreement: hydrogen-propelled, graphite- 
moderated reactors with maximum propellant tempera- 
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Typical nuclear rockets using hydrogen propellant: U-235/ 
graphite (left) and Pu-239/graphite. Details are given in 
Table | (Fig. 1) 


tures around 2000°C are feasible and would show a per- 
formance gain over the best future chemical rockets. The 
specific impulse (thrust per unit mass flow) would be 
between 675 sec and 900 sec, depending on the back 
pressure, compared with chemical values currently around 
250 sec and in the future around 400 sec. The all-up 
weights would be in the range 200,000 lb to 3,000,000 Ib 
with payloads up to 100,000 Ib. 

For space travel at high velocity, it will be essential to 
obtain specific impulses in the range 1000 sec to 100,000 
sec. Of the many schemes (5) which have been postulated 
two are being actively pursued: plasma propulsion (6,7) 
accelerates and heats a neutral ionized gas by means of 
transient magnetic fields; ion propulsion (8,9) accelerates 
positive ions by means of an electrostatic field, electrons 
being injected into the exhaust jet to prevent a space 
charge developing on the vehicle. The current belief is 
that plasma propulsion will be able to produce specific 
impulses up to 30,000 sec and above this value ion pro- 
pulsion will be required. The primary source of energy 
for all these schemes will be nuclear fission or fusion. 
Chemical energy is orders of magnitude too low and 
solar energy would require too large a receiving surface. 
Conversion from heat to electricity will be either by a 
thermodynamic cycle or by a direct conversion method 
such as plasma generation. These systems are not suitable 
for terrestrial launching vehicles. 


Burn-out velocity 


The nominal burn-out velocity for a vertically launched 
rocket is given by: 


M, 
V, = 1, in — gt), (1) 

b 
where /,, is the ground level specific impulse, M, and M, 
are the initial and burn-out masses, g is the standard accel- 
eration due to gravity and ¢#, is the burn-out time. This 
equation takes no account of the aerodynamic drag but 
this is offset by the increasing specific impulse with de- 
creasing atmospheric pressure. The burn-out velocity as 
given by equation (/) is an adequate criterion of rocket 
performance; the height gained during burn-out contri- 
butes only a second order term. The burn-out velocities 
required for various missions are shown in Figure 2. It 


NUCLEAR POWER November 1959 


ma\ 
sec 
the 
ine 
infil 


Che 


whet 


The 
by: 


whe 
ular 


the 

ture 
cal 

pro 
anc 
plo 
fro 
for 
dis: 
ten 
of 


sec 
Ty 
vel 


pr 


co 


SI 


/Nps 


acto 


may ¢ noted that a burn-out velocity of about 26,000 ft 

sec necessary to launch a satellite into orbit just above 
the th’s atmosphere (say 65 miles high) and a modest 
incrcase to 37,000 ft/sec, will send the space vehicle to 
infil 


Che:ce of propellant 
The specific impulse /,, is given by: 


V, c,6 /_ © 
fo 7 J | (“) ! “ 
g eg | P, ] 


where V, =exhaust velocity 
J =mechanical equivalent of heat 
c, = mean specific heat at constant pressure 
Cy, =mean specific heat at constant volume 
Y =Cp/Cy 
§ =maximum chamber temperature 
p, and p, =entry and exit pressure for the nozzle. 
The theoretical specific heat at constant pressure is given 
by: 





1G 5G . 
Cc for diatomic gases or c, =—for monatomic gases 
IM . 2) 1 


where G is the universal gas constant and M is the molec- 
ular weight of the propellant. 

A low molecular weight propellant will therefore give 
the highest specific impulse for a given maximum tempera- 
ture. This is an advantage of nuclear rockets over chemi- 
cal rockets since the propellant is not the combustion 
product. In Figure 3 (2), the specific impulses of hydrogen 
and ammonia, which were considered in this study, are 
plotted against the maximum temperature for expansion 
from 650 Ib/sq. in. abs. to 14-7 lb/sq. in. abs.; some points 
for chemical fuels are also shown. The ammonia is fully 
dissociated at the temperatures of interest. The maximum 
temperature was chosen as a fixed paraineter with a value 
of 2000°C, giving a specific impulse for hydrogen of 675 
sec and for ammonia of 325 sec. 


Type of reactor 


Only homogeneous reactors were considered since the 
very high power densities required for launching vehicles 
preclude the use of heterogeneous types. It was decided to 
consider thermal reactors in the first instance, but it sub- 
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Variation of specific impulse with temperature for expansion 
from 650 to 47 Ib/sq. in. abs. (Fig. 3) 


sequently appeared that epithermal 
required for smaller rockets. 

Graphite was chosen as the moderator material on 
account of its excellent high temperature properties. It 
sublimates at about 3600°C and the mechanical strength 
(/0) actually increases to 2500°C, falling off rapidly there- 
after to almost nothing at 3200°C. Above 1000°C, hydro- 


reactors would be 
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reactor size(hd)r 


carbons will be formed with hydrogen and ammonia but 
the rate of attack is likely to be low enough to permit 
operation during the short periods required for rocket 
propulsion. A maximum surface temperature of 2500°C 
was chosen as a fixed parameter. Beryllia moderation gives 
smaller reactors than graphite, but it was rejected on 
account of its lower melting point of 2500°C; it may be 
useful as a reflector material. 

Uranium-235 and plutonium-239 were chosen as pos- 
sible fissionable materials. The uranium will probably be 
alloyed with zirconium carbide to give a very high melting 
point fuel; the nature of a suitable plutonium alloy has 
not been investigated. Plutonium thermal reactors are un- 
stable on account of the resonance in the fission cross- 
section which has a maximum at 3250°C and this problem 
would have to be overcome, possibly by including a 
material or device which will automatically add negative 
reactivity ; alternatively a change to an epithermal reactor 
may be necessary. 

The critical size and mass of uranium 235-graphite re- 
actors at 20°C and 2500°C are plotted in Figures 4a, b 
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Critical mass and size of U-Gr and Pu-Gr bare right cylin- 
ders: (a) and (b) U-Gr reactor at 20°C, (c) U-Gr reactor 
at 2500°C, (d) Pu-Gr reactor, 50°% voids (Fig. 4) 


and c for various material compositions and voidages. 
(Voidage is defined as the ratio of the flow volume to the 
total’core volume.) Diffusion theory was used on unreflec- 
ted right cylinders allowing 10% initial reactivity for con- 
tingencies. Similar results for plutonium 239-graphite re- 
actors are given in Figure 4d. 

The critical mass increases rapidly with under-modera- 
tion, whilst the reactor size is only slowly reduced; a 
limit was taken at about 0°4% wt. of fuel. The reactor size 
and critical mass increase with voidage, especially above 
50%, which was chosen as standard. In the uranium- 
graphite system the critical size increases by a factor of 
two between 20°C and 2500°C; the values at 2500°C 
were used in further calculations as this approximates to 
the mean reactor temperature. In the plutonium-graphite 
reactor, the fission cross-sections are similar at 20°C and 
2500°C due to the resonance mentioned above. 

Two reactors were chosen for further analysis: a 
12ft X 12ft uranium 235-graphite reactor and a 5ft 
5 ft plutonium 239-graphite reactor, both with 50% void- 
age. Details are listed on Table 1. 
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Heat transfer 


The core was considered to be cooled by the flow of 
propellant through cylindrical holes, spaced to keep the 
core at a uniform temperature radially. An alternative 
method would be to vary the fuel-moderator ratio radially 
to produce flux flattening. 

Pressure drop and heat transfer calculations were made 
treating the fluid as a gas at the mean conditions (i.e. 
between storage as a liquid and the entry to the exhaust 
nozzle) which were: for hydrogen, 750 1b/sq. in. abs. 
877°C; for ammonia, 750 Ib/sq. in. abs. 983°C. The fric- 
tion pressure drop was kept constant at 100 1b/sq. in. 
There is obviously need for refinement in these calculations. 
From curves of mass velocity and maximum surface tem- 
perature versus channel diameter, the maximum permissible 
mass velocity was found to be independent of the channel 
length for a given maximum surface temperature. At 
2500°C the values were: for hydrogen, 95 lb/sec ft? and 
for ammonia 360 Ib/sec ft?. 


Weight analysis 

The principal items of a nuclear rocket are given in 
Table 1. Apart from the core, whose weight was easily 
calculated, the weights of the various items were estimated 
in a general manner as follows: 
a. The weight of the core support was taken as one-fifth 
of the core weight. 
b. The weight of the pressure vessel surrounding the core 
and the exhaust nozzle was taken as 32°5 D* lb, where D is 
the core diameter in feet. This was based on a pressure of 
1000 lb/sq. in. abs. and the use of materials whose design 
stress to density ratio is 5 X 10°in., which is achievable 
with various materials, so long as the vessel walls are kept 
cool. 
c. The weight (in pounds) of the turbine-pump unit for 
pumping the liquid propellant into the reactor vessel was 
taken as one-twelfth of the horsepower. 
d. The weight of the controls was not a major item and an 
approximate figure was estimated as indicated in Table 1. 
e. The tank weights were taken as one-tenth of the pro- 
peHant weight for liquid hydrogen and one-twenty fifth for 
iiquid ammonia. This variation was to allow for the differ- 
ent densities of the liquids which are 4-7 lb/ft® for hydro- 
gen and 39 lb/ft* for ammonia. The tanks are assumed to 
be slightly pressurized to prevent buckling, with the pres- 
sure being automatically adjusted to give a constant feed 
pressure to the pump. It can be seen from Table 1 that 
the tank weights constitute a major portion of the burn-out 
weight and it is most important that they should be mini- 
mized ; jettisoning of tanks would help a little to increase 
the rocket performance. 
Items a.—d. are referred to as the rocket motor since they 
represent a constant factor for varying fuel consumption. 


Rocket performance 
The burn-out velocities calculated from equation 1 are 
plotted against the all-up weights in Figures 5-8; the 
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solid curves are for gross payloads of nil and 50,000 Ib or 
20,000 Ib as marked. With increasing fuel consumed (aid 
hence increasing all-up weights), the burn-out velocity | 
creases initially due to the increasing mass ratio but final y 
decreases due to the second term in the equation. 

It can be seen that both the hydrogen-propelled rocke‘s 
are capable of launching payloads into orbit, but the 
ammonia-propelled rockets have lower performance. The 
smaller reactor has superior performance to the larger 
one because, with constant mass velocity independent of 
the channel length, the ratio of mass flow to reactor 
volume increases with decreasing reactor size. The effect 
of decreasing the height of the reactor is discussed in the 
next section. Details of the rockets at the optimum all-up 
weights are given in Table 1 and, for hydrogen, in Figures 
1 and 2. 


Design optimization 


The effects on the performance of varying the weight of 
the propellant tanks and turbine-pump units are also 


TABLE 1 Nuclear rocket details 
Fuel PLUTONIUM-239 URANIUM-235 
Moderator graphite graphite 
Reactor dia., ft, 
height, ft 2 & i x iz 
V oidage 0-5 0-5 
Critical mass, kg 7 120 





Propellant 
Liquid temp., °C 


Hydrogen Ammonia Hydrogen Ammonia 

—259 33-5 259 33°5 

Maximum gas temp., 
c 


2000 2000 2000 2000 
Maximum _ graphite 
surface temp., °C 2500 2500 2500 2500 
Specific impulse, sec 675 325 675 325 
Heat input, B.t.u./lb 8960 1810 8960 1810 
Mass velocity, lb/sec 
r 95 360 95 360 
Mass flow, |b/sec 930 3540 5360 20,400 
Pumping power, h.p. 51,800 23,600 298,000 137,000 
Reactor power, MWt 15,800 12,200 91,500 70,100 
Thrust, lb 630,000 1,150,000 3,620,000 6,630,000 
WEIGHT ANALYSIS 10°/b 
Reactor core 5 5 70 70 
Core support I | 14 14 
Pressure vessel 4 4 56 56 
Turbine-pump a 2 25 12 
Controls 3 3 6 6 
17 15 171 158 
ROCKET MOTOR 
Fuel to tank ratio 10 25 10 25 
At maximum  burn- 
out velocity: 
a. No gross payload. 
All-up wt., [b 250,000 500,000 2,000,000 3,000,000 
Propellant wt., lb 212.000 465,000 1,660,000 2,740,000 
Tank wt., lb 21,000 18,600 170,000 109,000 
Burn-out time, sec 230 132 300 135 
Burn-out velocity, 
ft/sec 33,500 24,000 29,000 21,500 
b. With gross payload. 
Gross payload, Ib 20,000 20,000 50,000 50,000 
Burn-out velocity 
ft/sec 28,000 20,000 27,000 20,000 
NUCLEAR POWER November 1959 
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shown in Figures 5-8. The weight of the tankage is very 
important and that of the turbine-pump to a lesser extent. 
The standard figures taken for the tankage have been 
found to be in agreement with other estimates so there is 
reason to believe that the solid curves are realistic. 

The effects of varying some of the design parameters 
for the 12 ft 12 ft hydrogen propelled rocket are shown 
in Figure 9. Curve A repeats the standard curve for no 
payload. Curve B shows the effect of flattening the reactor 
in order to increase the flow area to core volume ratio. 
The critical size increases according to the equation: 


4°81\2 n\?2 
=) ( =) constant 


Thus an increase in the area/volume ratio of 1-84 leads to 
an infinite reactor size. The performance of a reactor 
15:5 ft diameter by 8-65 ft high, for which the area to 
volume ratio is increased by a factor of 1-4 over a right 
cylinder is shown. There is negligible gain, due to the in- 
creased pressure vessel weight. 

Curve C shows the effect of doubling the mass flow. 
This may be achieved by increasing the friction pressure 
drop or altering the shape of the channel. Trebling the 
friction pressure drop increases the mass flow from 95 to 
165 Ib/sec ft*. Altering the shape of the channel to give 
treble the circumference-to-area ratio increases the mass 
velocity from 95 to 1601b/sec ft?. The performance is 
greatly improved. 

Curve D shows the effect of doubling the inlet and 
mean pressures. The mass velocity is increased from 95 to 
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oll-up weight minus gross paylood. /0°b 
Effect of design variations on U-Gr reactor, 50% voids, 
hydrogen propellant (Fig. 9) 
146 Ib/sec ft? but this is balanced by a greater pressure 
vessel and turbine pump weight. There is no gain in 
performance. 


Radiation hazards 
(he shielding required to protect a man located in 
the rocket nose about 200 ft from the core depends very 


much on what is considered a tolerable dose. Eight inches 
of lead will limit the dose to about 25 rem, which is the 
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dose permitted once in a lifetime in the event of a reactor 
accident; if genetic effects were not important a much 
higher dose might be tolerated. The extent of the shielding 
would depend on the amount of scatter occurring from 
the atmosphere and rocket structure. An advantage of 
using the reactor only outside the earth’s atmosphere is 
that shadow shielding would be feasible, possibly 1000 Ib 
per man, whereas in the atmosphere a figure of at least 
3000 Ib per man is likely. 

The propellant gas will not become appreciably radio- 
active as the predominant hydrogen and nitrogen isotopes 
have to capture neutrons twice before conversion to an 
unstable isotope, and the intermediate isotope has a very 
low capture cross-section. 

The major hazard will be the release of fission products 
and the plutonium critical mass into the upper atmosphere 


TABLE 2 Comparison of burn-out velocities of nuclear and 
chemical rockets 


BURN-OUT VELOCITIES FT/SEC 
Current Future 
chemi-  chemi- 
ALL-UP calfuels cal fuels 





WEIGHT 1=250 1=400 
MINUS sec sec 
GROSS GROSS mass mass REACTOR DETAILS 
PAYLOAD, PAYLOAD, ratio= ratio Nuclear pro- 
LB LB 10 17 rocket size materials pellant 
250,000 0 13,700 31,800 33,500 SftxSft Pu-Gr H, 
20,000 8,900 20,700 28,000, Ss “7 
500,000 0 14,700 31,800 24,000 SftSft Pu-Gr NH, 
20,000 11,100 25,200 20,000 ‘ " 


2,000,000 0 13,700 31,800 29,000 12ft<12ft U-Gr H, 
—__ 50,000 11,900 27,200 27,000 _,, a ‘5 
3,000,000 0 13,700 31,800 21,500 12f12f U-Gr NH, 

—__ 50,000 12,500 28,600 20,000 we 9 


if the reactor is not despatched to outer space. The 
amount of fission products produced is approximately 
equivalent to a 1-5 kiloton atomic bomb for the smaller 
reactor and to a 26kiloton atomic bomb for the larger 
reactor. The pollution is small compared with what the 
atmosphere has suffered, but presents an obvious objec- 
tion to the use of nuclear rockets. 


Comparison with chemical rockets 

The burn-out velocities of nuclear and chemical single 
stage rockets of the same all-up weight are compared in 
Table 2. With chemical rockets, the mass ratio now being 
achieved is about ten, but Stephens (//) has estimated that 
this will be increased to seventeen. The specific impulses 
of current chemical fuels are around 250 sec and future 
values will reach 400 sec (/2). 

The 5 ft X 5 ft plutonium-graphite reactor using hydro- 
gen propellant has a higher performance than future 
chemical rockets, especially with greater payloads. The 
same reactor, with ammonia propellant, is intermediate 
between current and future chemical rockets. The 12 ft X 
12 ft uranium-graphite reactor using hydrogen propellant 
is about equal to future chemical rockets, but with am- 
monia propellant it is intermediate between current and 
future chemical rockets. 
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Brought together by the IAEA, 250 ex- 
perts met recently to discuss progress in 
the application of high power radiation 


The industrial future 


T BECAME OBVIOUS from many 

of the first papers and discussions 
that a good many of the sources 
proposed were strictly in the design 
stage. Three large units employing 
cobalt-60 were reported as nearing 
completion—an_ industrial unit in 
Australia for sterilizing goat hair, a 
pilot. package irradiator at the 
Wantage Radiation Laboratory of the 
UKAEA (NUCLEAR POWER, October, 
p. 110), both of which will be work- 
ing at the end of this year, and the food 
irradiator of the Quartermaster Corps 
in the USA, which is planned to come 
into use in 1961. There was much dis- 
cussion on the question of the most 
suitable geometry for sources for the 
purpose of irradiating specific types 
of material. The most favoured radio- 
isotopes were cobalt-60 and caesium- 
137; although it was obvious that 
many countries had planned to pro- 
duce large amounts of caesium-137, 
little actual material has resulted. 


Isotopes or machines ? 

There were lively interchanges on 
the relative value of radioisotopes and 
electrical machines for industrial 
radiation processing. In the main the 
question resolved itself into the simple 
situation that there are many processes 
such as the radiation sterilization of 
thin films of material for which an 
electrical machine is admirably suited. 
On the other hand, where penetration 
is essential, as in the sterilization of 
canned material and thick samples, 
and where chemical processing must 
be carried out in bulk, gamma-emit- 
ting isotopes were shown to have a 
clear advantage. 

There was some discussion of the 
cost of radiation treatment, but it be- 
came obvious that so few organiza- 
tions were actually carrying out this 
work that costs must necessarily be 
based on estimates of future charges 
for large irradiation sources and elec- 
trical machines. In the present state of 
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for large radiation source: 


—a report from the Warsaw conference 
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Leader of Technological Irradiation Group, Isotope Research Division, A.E.R.E. 


our knowledge these factors can only 
be decided within very broad lines, 
and it does not appear at the moment 
that either of the two possibilities, the 
use of radioisotopes or machines, 
necessarily has a clear cost advantage. 

An interesting new proposal for the 
use of radiation from reactors was put 
forward by the Russian delegation, 
who discussed a _ projected indium 
loop from one of their research reac- 
tors. This loop, in which an indium 
potassium alloy was circulated, would 
give them a source of some 50,000 
curies of gamma radiation outside the 
reactor. There was also a paper on 
the technical feasibility of the pre- 
paration of large fission-product beta 
sources, but it was emphasized that 
some of the problems of self-absorp- 
tion and surface protection still re- 
mained to be solved. 

The subject of the use of fission 
fragment recoil energy for chemical 
processing was discussed by experts 
from Belgium, the United Kingdom 
and the United States. Prof. Coekel- 
bergs presented some interesting re- 
sults on the radiolysis of methane by 
fission fragments. Work on the reac- 
tion between carbon monoxide and 
hydrogen was described by Dr. Daw- 
son of the United Kingdom delega- 
tion. There was considerable discus- 
sion on the question of whether or 
not sufficient decontamination of the 
reaction products could be carried out 
to permit their open sale. 


Value in chemical processing 

The section on the use of radiation 
in the chemical industry covered the 
effects of radiation on plastics and 
elastomers, the radiation initiation of 
polymerization and grafting, the oxi- 
dation and halogenation of hydrocar- 
bons, and the effects of radiation on 
catalysts. The papers on _ radiation 
effects on polymers were jointly con- 
cerned with the elucidation of the 
mechanism whereby polymers degrade 


and cross-link under the influence o! 
radiation and the study of grafting 
reactions. Little was said about the 
technological importance of _ the 
materials formed. There was, how- 
ever, an interesting paper from the 
Russian delegation on the use of ior 
ization for the vulcanization of sili 
cone rubber. Work in the USSR has 
demonstrated that the high tempera 
ture physical properties of silicone 
rubber cross-linked by radiation are 
superior to those obtained when the 
ordinary peroxide process is used. The 
importance of a choice of suitable 
fillers for the rubber in this work was 
demonstrated—the main effect ob 
served was a reduction in compression 
set. 


Polymerization work in Japan 

The subject of radiation-initiated 
graft polymerization received con 
siderable attention. Prof. Okamura of 
the Japanese delegation read a number 
of papers which demonstrated quite 
clearly the excellent work which is 
going on in Japan. Amongst techno- 
logical advances obtained by radia- 
tion-initiated graft polymerization, 
Prof. Okamura mentioned the im- 
provement in the dyeing of various 
synthetic fibres such as nylon by graft- 
ing of acrylamide to the surface of 
the fibre. He pointed out that in 
many cases this type of grafting leads 
only to a modification of the surface 
properties of the fibre and that if it 
is designed to dye the interior of a 
fibre, swelling agents must be used. 
This can be carried out by soaking the 
fibre in a methanol solution of forma- 
mide before irradiation. A paper from 
the United Kingdom described similar 
results on the reduction of static 
charge on synthetic fibres by grafting 
of methacrylic acid to the surfaces. 

Work on the polymerization of 
ethylene in aqueous solution was des- 
cribed by delegates from the USSR. 
Preliminary laboratory work has been 
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car cd out and a design study is in 


pro. ess for a small pilot plant. 

the sections dealing with general 
cl cal reactions initiated by radia- 
tic Dr. Henglein of the German 


delczation described. an entirely new 
conipound made by the radiolysis of 
hydrocarbons in the presence of a 
chlorinated compound such as carbon 
tetrachloride and chloroform, and 
also in the presence of phosphorus 
trichloride and phosphorus oxichlor- 
ide. Only a few of these dichloro- 
phosphines and _ nitroso-compounds 
have been previously described in the 
literature and then only small yields 
of materials have been obtained. By 
the use of radiation Dr. Henglein has 
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THE CONFERENCE 

by the Interna- 
tional Atomic Energy Agency, 
this conference on the appli- 
cation of large radiation 
sources in industry and espe- 


Organized 


cially to chemical processing 
was held in Warsaw from 
September 8 to 12. This was 
the first time that the Agency 
head- 


Vienna for a 


had gone outside its 
quarters in 
major scientific meeting and 
it did so at the invitation of 
the Polish Government. The 
250 delegates included a good 
representation of the USSR 
and other eastern countries. 











been able to obtain these materials 
specifically. A paper from the United 
Kingdom on the chlorination of ben- 
zene and one from the United States 
on the chlorination of toluene and 
butyric acid were both devoted largely 
to proving that radiation produced 
exactly the same products as_ultra- 
violet. light, and that differences 
claimed by other workers arose from 
differences in the physical conditions 
under which the reactions had been 
carried out. 

The production of hydroperoxides 
by the radiation induced oxidation of 
hydrocarbons was described by French 
speakers whose work was _ largely 
aimed at an elucidation of the kinetics 
of the reactions and no _ particular 
commercial advantage was claimed. A 
Russian paper described results which 
had been achieved on the radiation 
thermo-cracking of normal hydrocar- 
bons and it was indicated that at ele- 
vated temperatures substantial chain 
lengths had been obtained. 

The effects of radiation on cata- 
lysts was discussed in two American 
papers, but both speakers were at 
pains to point out that the work cur- 
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rently being carried out all over the 
world was devoted largely to a funda- 
mental study of effects of radiation on 
solid catalysts and that it might be 
many years before any useful modi- 
fication of an industrial catalyst might 
be found. Nevertheless they felt that 
work in this field was of major inter- 
est in establishing the mechanisms 
whereby ordinary catalysis occurs. 


Fundamental work still needed 

Summing up the -papers on radia- 
tion effects which might be applied 
in the chemical industry, it was obvi- 
ous that after the first initial wave of 
enthusiasm which took place two or 
three years ago throughout the world, 
a period of consolidation has now set 
in. It would appear that scientists from 
most of the atomic energy organiza- 
tions throughout the world are now 
convinced that satisfactory applications 
of radiation in the chemical industry 
are likely to be found only as a result 
of a number of years of work devoted 
largely to an elucidation of fundamen- 
tal mechanisms. In this connexion it 
is useful to point out that quite re- 
cently ideas on the role of free radi- 
cals in radiation chemistry have been 
modified by the conception of the 
ion molecule reaction as being an im- 
portant stage in the overall process. 

The sterilization of pharmaceuticals 
and hospital supplies and the inacti- 
vation of viruses was discussed in two 
or three papers, but the only current 
commercial applications disclosed 
were the already well known steriliza- 
tion of sutures in Boston and the re- 
cent production of radiation sterilized 
catheters by a British firm. It was gen- 
erally agreed that gamma radiation 
provided the best means of sterilizing 
medical equipment in bulk. Ethylene 
oxide was mentioned for this purpose, 
but was not recommended. 

The treatment of grain with gamma 
radiation was discussed by Dr. Corn- 
well who described extensive experi- 
ments which had established the levels 
and conditions for irradiation neces- 
sary for this process. He pointed out 
the considerable economic obstacles 
in the path of the application of this 
new technique, restricting it almost 
entirely to new installations. However, 
a raising of purity standards in grain 
in respect of insect debris would give 
a real impetus to the interest in radia- 
tion processing. 


Optimism on food 

The review paper of Dr. Siu on the 
current status of radiation processing 
of food tended to be more optimistic 
than the findings of the Food and 
Agriculture Organization conference 
which was held at Harwell last 
autumn. Comments from the floor ela- 
borated on the danger of countries 


uncommitted to food irradiation pro- 
grammes gaining the wrong impression 
from a single review paper, and a 
study of the FAO resolutions was re- 
commended. The representative of the 
Food and Agriculture Organization 
outlined their general policy in the 
under-developed countries, where 
technical facilities are absent, the food 
storage facilties negligible and the 
amount of money available for capi- 
tal investment in preservation plant 
extremely limited. He said that the 
bulk of the FAO effort was directed 
towards increasing the productivity of 
the under-developed countries, parti- 
cularly in furthering the production 
of food of high protein content. He 
felt this was perhaps the most impor- 
tant contribution that they could 
make to the elimination of under- 
nourishment. It was also pointed out 
that dehydrated foods were likely to 
be more applicable to the transport 
of high protein foods in under-deve- 
loped countries, since storage was so 
very simple. In a gracious reply to the 
criticism, Dr. Siu said that he could 
not disagree with any of the points 
raised, and that there was in fact no 
likelihood of commercial marketing 
of radiation sterilized food for several 
years. 


Gamma rays in agriculture 

The use of a gamma-ray field gave 
rise to a good deal of discussion: the 
consensus of opinion seemed to be 
that these fields could give some use- 
ful information on the radiosensitivity 
of a wide range of plant life. If, how- 
ever, the choice lay between a gamma 
field and a gamma source, the latter 
was to be preferred for research work. 
The conference gave an enthusiastic 
reception to a paper by Dr. D. R. 
Davies on the effect of fractionating 
doses on somatic mutations in white 
clover. The breakdown of one site oa 
the chromosome in respect of indivi- 
dual genes was demonstrated. 

Another impressive paper was given 
by Dr. Bushland on the eradication 
of the screw-worm fly by the release 
of reproductively sterile males using 
gamma rays. This topic has been re- 
ported in the literature for several 
years, but it was the first time that 
many delegates had heard the full 
story. The incidence of fatalities 
amongst young calves as a result of 
screw-worm fly used to range up to 
20,000 to 30,000 per month. The 
whole of Florida and parts of adjoin- 
ing states have been completely cleared 
by the application of this technique. 
Twenty aeroplanes were used to dis- 
tribute the sterile flies at a density of 
about 200 insects per square mile. The 
production of sterile flies reached 5 X 
10° per week. 


105 








A radical departure from normal prac- 
tice, this new design is intended for use 
in land-based and marine advanced 
gas-cooled reactors of 30-100 MW 


The GEC cross-flow 


fuel element 


by M. C. HARTNELL-BEAVIS, B.Sc. 
Chief Projects Engineer, Atomic Energy 
Division, General Electric Co. Ltd. 


N DESIGNING a new type of uranium dioxide/stain- 
I less-steel fuel element for high temperature operation, 
a number of important properties of both the fuel and 
the canning material have to be borne in mind. 

The low thermal conductivity of the oxide, particularly 
under irradiated conditions, necessitates short thermal 
paths between the centre and the surface of the oxide 
pellet. Figure 1 shows the thickness of uranium dioxide 
plate, or diameter of rod, as a function of fuel rating 
for a temperature rise in the fuel of 900°C, assuming 
uniform rating and uniform conductivity of 0°004 cal 
cm°C. 

Uranium dioxide is completely stable to very high irradia- 
tions (in excess of 30,000 MWd/t). At the ratings under 
consideration (greater than 10 MW/t) the thermal gradi- 
ents in the fuel pellet are of the order of 3000°C/in. 
(118 °C/mm), resulting in the formation of irregular 
cracks throughout the oxide. Thus in the irradiated condi- 
tion, although the pellets are capable of resisting compres- 
sion, complete structural support must be provided by the 
canning. 

Experimental results indicate a maximum release inside 
the can of 5% of the fission-product gases and the growth 
of internal pressure in the capsule with time is then as 
shown in Figure 2 for various voidages in the fuel cap- 
sule. Figure 3 shows the temperature rise across the inter- 
face gap between oxide and can; it is clear that close 
tolerances are required in the manufacture of the oxide 
pellets. One limitation on fuel-capsule life can be arbi- 
trarily set at the point where internal pressure equals the 
normal operating external pressure of the coolant. In- 
crease beyond this would give rise to local lifting of the 
can, with a sharp increase in the centre temperature of 
the oxide as can be seen from Figure 3. 


Choice of geometry 

These physical limitations to fuel-element design allow 
a number of practical geometrical configurations. To pro- 
vide resistance against lifting of the can off the oxide sur- 
face, it is desirable that the surface of the can should be 
everywhere convex, which suggests that the capsules should 
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be in the form of rods rather than flat plates. From 
nuclear considerations it is necessary to design to an 
optimum quantity of uranium dioxide per unit length of 
channel—equivalent to a solid oxide rod of about 1-5 in 
(38 mm) diameter. The fuel must therefore be sub-divided, 
and bundles of small-diameter rods in longitudinal flow 
have been proposed, for example, in the American GCR 
design (/). The approximate number of solid rods in a 
cluster, as a function of rating (again assuming a tempera 
ture rise in the fuel of 900°C), is shown by the dotted 
line in Figure 1. 

To reduce the number of rods, it has been proposed to 
make the pellets hollow. Under operating conditions of 
thermal cracking and possible spalling of the oxide off 
the internal face, this would not only give a highly unde- 
sirable reduction in capsule strength but might also result 
in melting due to the poor heat conduction from isolated 
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fra nts. The supports for the rods in the cluster intro- 
duc. i|arge pressure drops, they are complicated and dif- 
fic ) assemble, and their complexity and the associated 
pre e losses increase rapidly as the rating, and hence the 
numer of rods in a cluster, increases. 

Bowing of the rods is caused by the thermal-neutron 
flux gradient across them, by uneven distribution of 
coolant flow, or by any one of a number of manufac- 
turing faults; this bowing is increased by the resulting 


flow restriction and the spacing and rigidity of the sup- 
ports must take this possible instability into account. In 
addition, a very poor heat-transfer/pressure-drop charac- 
teristic is obtained with smooth rods in longitudinal flow, 
although an increase in heat-transfer efficiency can be ob- 
tained by using a roughened surface to break up the 





TABLE | Typical cross-flow channel performances compared 
with those for other designs 
A, B GEC cross-flow fuel element 
C ORNL-Kaiser-ACF design 
D Hunterston centre channel 





A B Cc D 
Channel output, MW 0-760 2:3 0-67 0-2 
Channel rating, MW/t of UO, 12-2 31 12 2-2 
Capsule major axis, in. 1-2 0-8 
Capsule minor axis, in. 0-3 0-2 
Pellet outside dia., in. - 0-705 
Pellet inside dia., in. - 0-323 
Capsule outside dia., in. 0-750 
Capsule longitudinal pitch, in. 2-45 1-01 
No. of capsules per row 6 8 
No. of rods per cluster 7 1 
Sleeve outside dia., in. 6 6 4-25 4-9 
Channel length, ft 13-5 10 14-5 23 
Coolant inlet press., lb/sq. in, abs. 285 400 405 150 
Channel pressure drop, |b/sq. in. 4-5 25 16 3-8 
Heated surface per channel, sq. ft 28 52 19 7t 
Coolant inlet temp, °C 250 260 232 204 
Coolant outlet temp, °C 538 538 538 390 


*per tonne l fexcluding fin area 





laminar boundary layer of coolant. The canning must be 
made as thin as possible consistent with mechanical and 
corrosion considerations, and the addition of roughness 
in the form of circumferential ridges to a stainless steel 
can only 0-010 in. (0°25 mm) thick involves a difficult and 
costly manufacturing process. Owing to the relatively high 
neutron-absorption cross section of stainless steel and its 
low conductivity, finning with this material is not profit- 
able. A further problem is the promotion of bulk mixing 
of the coolant between rods in a closely packed bundle, 
to compensate for the radial variation in thermal-neu- 
tron flux and hence in heat production across the channel. 


Lenticular capsules in cross-flow 

The new fuel-element design which has been produced by 
the GEC Atomic Energy Division, Erith, overcomes most of 
these difficulties. Initially, a study was made of the potentia- 
lities of cross-flow over banks of round rods, for which ade- 
quate heat-transfer and pressure-drop data were reported 
in the literature. Excellent heat-transfer characteristics are 
obtained owing to the breaks in the boundary layers in 
the direction of coolant flow, but this is accompanied by 
a very high pressure drop. This is mainly due to form 
drag, which contributes little to heat transfer and may 
represent up to about 95% of the total pressure losses. 
With smooth rods of a given perimeter in cross-flow, 
heat-transfer properties are not greatly affected by change 
of shape; the problem was therefore simply to reduce 
the form drag by streamlining the shape in the direction 
of coolant flow. 

As no previous experimental data for banks of stream- 
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interface gap, in 

lined tubes in cross-flow were available, the first exper!- 
ments were designed to study the effects of varying the 
cross-sectional shape and gave very encouraging results. 
A comparison between smooth round tubes and lenticular 
tubes (ratio of major to minor axis 3:1), both in cross- 
flow, is given in Figure 4, in which it is assumed that the 
following parameters are the same in both cases: 
a. channel cross-sectional area and length 
b. surface area of capsules per unit length of channel 
c. volume of oxide per unit length of channel 
d. channel temperature rise, mass flow, and heat output. 

It can be seen that at normal design Reynolds numbers 
(>10*), the channel pressure losses drop by more than 
a factor of four for lenticular-shaped capsules. Selected 
cases have been tested in a pressurized CO, experimental 
rig. 


Designs for several ratings 

A representative design of cross-flow fuel element is 
shown in Figure 5. The uranium dioxide fuel pellets are 
canned in 0-010 in. (0:25 mm) 18/8 stainless steel. The 
dished end caps are heliarc welded (seam welded) on to 
the oval can and protected from excessive temperatures 
during operation by porous magnesia inserts. Steel guide 
strips of the same order of thickness as the cans are welded 
to either end of a number of capsules to form a capsule 
‘ladder’. 

The channel in the graphite sleeve is broached to the 
required shape, with grooves and slots into which these 
capsule ladders are inserted. Steel retaining rings sprung 
into grooves near each end of the sleeve hold them in 
position. The projections and keys providing axial sleeve 
alignment, and the slots used for charge/discharge are 
also shown on Figure 5. A photograph of a prototype fuel 
element is at the beginning of the article. 
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It is interesting to quote some design results for parti- 
cular cases. It must be emphasized that although these re- 
sults are based on experimental values, continuing develop- 
ment at the GEC laboratories is resulting in considerable 
gains in performance and both heat-transfer configuration 
and mechanical design can undoubtedly be greatly im- 
proved. In Table 1, typical design values for various fuel 
ratings are given. As can be seen from Figure 1, the 
higher the rating the smaller the size of capsule, and opti- 
mization must take into account the cost of the additional 
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Cross-section of a complete fuel element shows the len- 
ticular stainless steel cans containing six oxide pellets and 
two magnesia end spacers. The capsules are welded in rows 
of six on to 2 steel guide strips to form a ladder which 
slides into grooves in the graphite sleeves (Fig. 5) 


enrichment entailed by the added canning absorption and 
smaller size of reactor. The more highly rated example 
quoted in Table | is for a coolant pressure of 400 Ib/sq. in. 
(28:1 kg/sq.cm); for a given fraction of the thermal out- 
put expended in circulating the coolant, rating is directly 
proportional to coolant pressure. It will be appreciated 
that, by increasing the coolant pressure, very high ratings 
are possible in special applications, the upper limit being 
imposed by safety in transient behaviour and by economic 
considerations. 

It may be assumed that fuel running costs based on 
United Kingdom fuel prices for 2C, enriched oxide fuel 
with an expected burnup of 10,000 MWd/t are very 
approximately equivalent to natural-uranium-metal fuel 
costs with a burnup of 3000 MWd/t. On this basis the 
lower capital cost of the more highly rated oxide-fuelled 
system would represent a clear gain. 

Table 1 also gives interesting comparisons between 
oxide fuel elements in cross-flow, smooth oxide fuel ele- 
ments in longitudinal flow, and finned natural-uranium- 
metal elements as used in Hunterston. It is not easy to 
compare directly different design data; however, channel 
Output Is approximately proportional to mass flow of 
coolant, and pressure drop to the square of the mass 
flow. For channels of the same length, inlet temperature, 
and outlet temperature, a rough comparison of perform- 
ance may therefore be made on the basis of the values of 
the quantity : 


channel output channel output 


heated surface area channel pressure drop 
Conditions for the 760kW output cross-flow channel and 
the 670 kW output longitudinal-flow channel are similar ; 
comparing these on this criterion gives an advantage to 
the cross-flow element by a factor of three. 
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Experimental variables 
Capsule cross-sectional dimensions 

The length of the minor axis is fixed by the permissi le 
temperature rise in the oxide, while a number of conside a- 
tions influence the ratio of the major to minor ax, 
The radius of curvature towards the trailing edge affe 
the ‘breakaway’ point and this has a marked effect on 
pressure drop ; as the major-to-minor-axis ratio is increa: :d 
from unity (circular rods), the pressure drop may be « x- 
pected to fall at first as the breakaway point moves | »- 
wards the trailing edge. At large values of the ratio, tie 
radii of curvature at the leading and trailing edges | 
come important; for example, relatively high presst 
drops occur with flat plates with semi-circular leading a 
trailing edges owing, presumably, to the occurrence »f 
breakaway near the leading edge. A further considerati: 
is the strength of the can under irradiated conditions w 
a high internal fission-product-gas pressure. From _ this 
point of view, a ‘lenticular’ section with capsule sides of 
constant radius of curvature and leading and trailing edg 
of small radius is desirable. 
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Capsule length and channel size 

The channel size is determined mainly by ease of hand- 
ling, the effect on reactivity of neutron streaming, and the 
reactivity effects which can conveniently be accommodated 
by the control system on discharging a channel. From an 
economic standpoint, the larger the channel, and hence 
the longer the capsules, the smaller the manufacturing 
costs and the number of end caps per tonne of fuel. 


Capsule lateral and longitudinal pitch 

If the capsule cross-sectional dimensions and the chan 
nel size are fixed, performance must be optimized with 
respect to the number per row and hence, since the quan 
tity of oxide per unit length of channel is given approxi 
mately by nuclear considerations, the longitudinal pitch 
These are determined by the required outlet temperature 
and output per channel for a given channel length. 


Capsule surface 

For the cross-flow fuel element, ‘roughening’ by means of 
small ridges along the length of the cans is comparatively 
easy to fabricate by extrusion. Experiments show a con 
siderable gain in heat transfer, but at the expense of a 
large increase in friction factor. In general, however, an 
improvement in channel performance is achieved, that is. 
a reduction in channel pressure drop for a given channel 
output and temperature rise. 

The continuing experimental programme is designed to 
serve as a basis for optimization of these variables to suit 
a specific design. In addition, peripheral temperature varia- 
tion and the effects of fine structure in the thermal neu- 
tron flux must be taken into account in assessing per- 
formance. Measurements of peripheral temperature varia- 
tion in a specific case have shown no significant variation 
round the surface except for a slight drop towards the 
leading edge. 

A further variable which has not so far been mentioned, 
since it is not applicable to stainless-steel canning, is the 
addition of finning. Circumferential fins might be advan- 
tageous with canning of low neutron-absorption cross 
section, such as impermeable graphite. 
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third article in this series examines recent 
slopments in counting techniques and 
pares them with more established circuits 


Electronics for radiation detection 
2. Pulse counting 


by K. KANDIAH, M.A., B.Sc. 
Electronics Division, A.E.R.E., Harwell 


1. Introduction 

lhe quantitative determination of a radiation flux in- 
volves the measurement of the mean rate of pulses from 
the radiation detector or the mean current. The mean 
current system does not give an accurate determination 
when background or other unwanted radiation is to be 
excluded from the measurement. By utilizing some par- 
ameter of the radiation to be measured, such as the 
energy or the time of arrival of individual particles, in 
a pulse counting system, the effects of background can 
be reduced considerably. The pulses, after amplification, 
are passed through the appropriate sorting circuit such 
as a discriminator, single channel analyser or coinci- 
dence circuit. The output pulses from these circuits 
have a defined shape and size. They are then fed into 
a scaler or counting rate meter. A counting rate meter 
provides a direct indication on a meter and an electrical 
output which is suitable for operating a pen recorder 
proportional to the mean rate of arrival of the pulses. 
Linear or logarithmic scales can be obtained in simple 
instruments. The absolute accuracy of a counting rate 
meter is not usually better than about 2%, but such a 
pulse counting system can in many cases give higher 
accuracy than the measurement of mean current in the 
radiation detector because of the elimination of back- 
ground. 

Counting the number of pulses in a fixed time inter- 
val gives an absolute measure of the flux, provided that 
the pulse characteristics of the radiation detector are 
known. Systems used for counting vary from an electro- 
mechanical register for low rates to circuits which can 
count at up to 50 Mc/s for evenly spaced pulses. The 
electromechanical register is still used for very low 
counting rates since reliable registers with facilities for 
resetting to zero are currently available. Utilizing the 
excellent switching characteristics of transistors, simple 
circuits for driving electromechanical registers (/) can 
be built into a compact and economic counting unit 
for mean rates which do not exceed about | or 2 counts 
per second. By preceding these registers with one fast 
scale-of-ten, a mean rate of over 50 counts per second 
can be accommodated. 
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Every counting circuit has a finite dead time after 
each recorded pulse and a fraction of the input pulses 
will therefore not be counted. The number of pulses n 
which are counted in unit time are related to the total 
number of pulses N and the dead time r¢ by the relation 
N = n/(1 — nt). Thus the resolving time of the count- 
ing circuit should be less than 10 ps if counting losses 
are not to exceed 1% at a mean pulse rate of 1 kc/s. 





OUTLINE 
After summarizing the characteristics and 
applications of pulse counting systems, Mr. 
Kandiah covers ratemeters using trigger 
circuits or diode pumps, binary scalers, 
including transistor circuits with induc- 
tance and ferrite core memories, binary 
coded decimal scalers and ring scalers 
employing cold cathode tubes of multi- 
junction semiconductor devices. He dis- 
cusses the principles of dekatron circuits, 
a type using one drive transistor, and a 
thermionic scaling tube employing a rib- 
bon beam. The article ends with a survey 
of the uses of the trochotron and a circuit 
for a magnetic scaler using a ferrite core 
driven by transistors. 











The complexity of a counting circuit is in general a 
function of the required resolving time although it is 
not true that a shorter resolving time can only be 
achieved with more complex circuits. The development 
of ferrite cores and special semiconductor switching 
devices makes it possible to design counting circuits 
with dead times of the order of | or 2 ws which are no 
more complex than circuits with much longer dead 
times using other techniques. It is not proposed to 
present details of all counting techniques which have 
been in common use in the past. Certain recent tech- 
niques will be described and the performances of these 
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and the established earlier designs will be compared. 


2. Counting rate meters 

The technique used to obtain an output propor- 
tional to the mean rate of input pulses is the generation 
of a fixed quantity of charge for each input pulse, these 
charge pulses being fed into some average current in- 
dicator. Simple systems along this principle utilize the 
fact that in many trigger circuits one of the valves or 
transistors is normally cut off and is brought into con- 
duction for a fixed period after each input pulse. By 
careful control of the duration and the magnitude of 
these current pulses and passing the resultant mean 
current through a meter, an indication of the counting 
rate can be obtained (2). Simpler systems using a single 
cold cathode tube have also been designed. The disad- 
vantage of the above systems is that, at high counting 
rates, the accuracy of the charge generated per pulse is 
seriously impaired by the incomplete recovery of the 
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trigger circuit between pulses which results in variations 
in the charge pulse duration. However, they provide 
simple instruments for low counting rates in which an 
accuracy of about 2% can be achieved. 

For higher counting rates a constant charge per pulse 
is usually generated by means of a diode pump circuit 
(3) shown in Figure 1. A rectangular voltage pulse of 
defined amplitude is generated after each input pulse 
and the capacitor C is charged to this voltage through 
V. on the positive edge and discharged through V, on 
the negative edge. If the cathode of V. is maintained 
at earth potential the mean current through V, is pro- 
portional to the pulse rate. The duration of the rect- 


Binary scaler using an inductance (Fig. 2) 
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angular pulse is made long enough to ensure comple’ : 


charging of the capacitor during the pulse. The separ: 
tion between successive pulses should be long enoug 
to ensure complete discharge of the capacitor. The mea 
current through V, is usually too small for direct ind 
cation on a meter so that a d.c. amplifier with a virtu: 
earth input is employed in order to raise it to a highe 
level. 

If the current from the diode pump is fed into a d.c 
amplifier (4) which produces an output proportional t 
the logarithm of the input current, we obtain a loga 
rithmic counting rate meter. This system is relativel: 
simple but has some limitations when the counting rat 
for full scale deflexion is required to be as high a 
100 kc/s. The mean current i from the diode pump i 
nCV where n is the number of pulses per second anc 
V is the amplitude of the rectangular pulse input. Sinc« 
logarithmic amplifiers are not accurate at currents much 
greater than 10 uA, the capacitor C will be limited t 
about 10 pF. The calibration of the instrument will then 
depend strongly on stray capacitances in the diode pump 
circuit. An alternative scheme (5) for a logarithmic 
counting rate meter uses 6 diode pumps each of which 
contributes to the total output only over a limited range 
of counting rates. The total range covered by this sys- 
tem is about 5 decades. 


3. Binary scalers 

A binary scaling circuit should exhibit two stable 
states and be capable of reversing its state on the 
application of an input pulse. In many applications it is 
necessary to have visual indicaton of the state of the 
circuit. The Eccles-Jordan circuit possesses all these 
features and is widely used. Until the advent of tran- 
sistors it was necessary to use moderately stable supply 
voltages and close tolerance components. Wider toler- 
ances are permissible in the transistor versions of the 
Eccles-Jordan circuit. The main disadvantage of this 
circuit is the value of the capacitor in the cross-coupling 
element in order to provide the short term memory to 
obtain reliable reversing of the state on receipt of a 
pulse. The value of this capacitor needs to be somewhat 
larger than the stray capacitance in the lower arm of 
the potential divider so that it is difficult to build a 
circuit with a resolving time limited only by the switch- 
ing speed of the valve or transistor. The system is 
satisfactory for longer resolving times and is cheaper 
than other binary circuits. 


3.1 Binary using inductance memory 

A binary using transistors in which an inductance (6) 
or delay line provides the short term memory is capable 
of a resolving time which is limited almost entirely by 
the switching speed of the transistor. The basic circuit 
using an inductance is shown in Figure 2. This is an 
emitter coupled circuit in which only one transistor can 
remain conducting. In the ‘0’ state J, is conducting 
and a current from the chain R,,R;,R, through W, 
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Binary scaler using ferrite cores (Fig. 3) 


maintains J, base above earth potential. In the ‘1’ 
state J, conducts and a current flowing through W, 
maintains its base at about —0°5 volts so that the emit- 
ters are at about —0°3 V. J, is then cut off. The input 
pulse cuts off whichever transistor is conducting and the 
state of the circuit at the end of the input pulse is 
determined by the waveform at the base of J,. The in- 
ductance of the primary of the pulse transformer gen- 
erates a negative voltage pulse if the current has been 
flowing in J, before the input pulse, so that, by suitable 
choice of inductance, the base of J, could remain below 
earth potential at the termination of the input pulse, 
thus bringing J, into conduction. It is necessary to shunt 
the inductance with a resistor in order to generate a 
critically damped pulse, the value of this resistor being 
also dependent on the value of C. The primary winding 
T, has 3 or.4 times the number of turns in the second- 
ary windings JT, and 7; which have an equal number of 
turns. 

Using transistors with an alpha cut-off frequency of 
about 50 Mc/s the circuit of Figure 2 can operate re- 
liably at 10 Mc/s. A further advantage of this circuit 
is that the ‘ carry’ pulse is obtained when the transistor 
J, is cut off by the input pulse so that the delay between 
the input pulse and the ‘carry’ pulse is determined 
solely by the rate of fall of collector voltage. In the 
example quoted above the total ‘ carry” delay through 
5 binary scalers in cascade is less than 0°1 ws. An essen- 
tial condition for satisfactory operation of the binary is 
that the drive pulse should be shorter than the memory 
pulse. This condition is automatically met in a cascade 
of identical binaries owing to the voltage drop in the 
diode W,. Binary circuits using delay lines for the short 
term memory and valves as the active elements on 
similar principles to the above circuit have been 
described (7,8) for operation up to 50 Mc/s. This speed 
of operation is now possible with transistors with alpha 
cut off frequencies in the region of 150 Mc/s introduced 
recently. 


3.2. Binary with ferrite core memory 


Another interesting binary circuit shown in Figure 3 
uses square loop ferrite cores A and B for the short 
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and long term memory. The transistors are normally 
cut off and each is connected to a core in a positive 
feedback arrangement—windings a and c on core A 
regenerate through J, and windings a and b on core B 
through J,. Windings a have 45 turns, b and c have 15 
turns and d and e have 20 turns. It is seen that collec- 
tor current in J, of adequate magnitude will drive the 
cores A and B into opposite states, say state ‘1’ in 
the core A and state ‘0’ in core B. Collector current 
in J. will reverse these states. Let us define the ‘0’ 
state of the whole circuit as that in which core A is in 
the ‘0’ state and core B is in the ‘ 1” state. If a current 
pulse is now applied through the windings d in the 
direction tending to switch the cores into the ‘ 1” state, 
regeneration will take place through J,. Current will 
flow through this transistor until the core A is switched 
completely to the ‘1° state accompanied by core B 
being switched to the ‘0° state. The state of the binary 
has thus been reversed. The application of the next 
current pulse through the windings d will restore the 
cores to the original states owing to regeneration 
through Jz. 
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The ‘ carry’ is obtained during the switching process 
when J, is conducting in the form of a current pulse, 
whose peak value depends on the collector voltage and 
the number of turns in the collector winding. This 
current pulse can be applied to the input winding of a 
succeeding stage. It will be appreciated that regenera- 
tion will take place in each transistor only as long as 
the core exhibits high permeability and will cease as 
soon as the core has switched. Current will flow for a 
slightly longer period owing to carrier storage in the 
transistor. Since the transistor is bottomed during the 
regeneration period the power dissipation in the tran- 
sistor is mainly due to the extraction of the carriers at 
the end of the switching process by the large negative 
overswing of collector voltage. The resistance R of 
about 22 ohms is inserted in the emitter circuit to limit 
the peak transistor current. This is shunted by a capa- 
citor C of about 0°8 .F, the time constant CR being 
approximately equal to the switching period. The cir- 
cuit will operate over a wide range of supply voltages, 
since an increase in collector supply voltage only short- 
ens the switching period and increases transistor power 
dissipation. 

The above binary circuit has the advantages of sim- 
plicity and extreme reliability. Owing to the fact that 
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not even an electrical signal indicating the state of the 
binary is available except when the circuit is switched, 
it can only be used in logical circuits where this is not 
a handicap. It has been found useful in automatic 
scaling systems in which the information is required to 
be put on a printer. 


4. Binary coded decimal scalers 

In most counting applications it is desirable to use a 
decimal system. Until the advent of scaling tubes operat- 
ing directly in the decimal system, many scalers used 
combinations of binary circuits (9) connected together 
into a unit which produced an output at every tenth 
input pulse. These circuits use 4 binary circuits which 
would normally have 16 stable states but intercon- 
nexions between the binaries suppress 6 of them. The ten 
remaining states do not possess a simple symmetrical 
relationship with the result that this system has two 
disadvantages. The resolving time of the system is a 
function of the number stored in the scale-of-ten, being 
longer after those pulses which produce additional 
switching of some of the binaries in order to change it 
from a scale of 16 to a scale of 10. Secondly, the 
number stored cannot be conveniently displayed in a 
simple decimal system without the introduction of 
critical components. The advantage of the system is 
that, owing to the relatively low cost of the compon- 
ents, it is more economical to produce such a scale-of- 
ten with a resolving time of a few ys using double tri- 
ode valves than with any other known method. A 
similar scale-of-ten for 10 Mc/s operation using tran- 
sistor binaries may also compare favourably with other 
systems capable of this speed. 
5. Ring scalers 

There are many circuit configurations which have n 
symmetrical stable states where n can theoretically have 
any value. Values up to about 12 have been used in 
practice. Systems using n binary circuits connected in 
a ring or those in which each element in the ring is 
connected to more than one other element will not be 
discussed here since such systems tend to be complex 
and the latter often require critical component values. 
One ring circuit which uses cold cathode trigger tubes 
(/0) employs relatively simple principles. It utilizes the 
fact that the hold-off anode voltage is much higher 
than the voltage for maintaining a discharge in the 
tube, a typical ratio between these voltages being about 
2. Any number of such tubes can be connected in a 
ring in such a way that only one tube is conducting. 
The application of a positive pulse brings the succeed- 
ing tube into conduction and extinguishes the first tube. 
This system does not require closer tolerances in com- 
ponents than in simple binary circuits except that, in 
order to ensure that only one tube is conducting when 
switching on the supplies, the extinction current for 
the tubes should lie within about + 20%. 

Certain multi-junction semiconductor devices possess 
characteristics identical to those of cold cathode 
trigger tubes. The characteristic of a pnpn junction 
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device is shown in Figure 4. The voltage drop in tle 
conducting state is that of a diode so that 1 ampe = 
may flow with no more than about | volt. The load lir = 
EQP intersects the curve at two stable operating poin 5 
corresponding to currents of a few hundred micr: - 
amperes and a few hundred milliamperes respectivel: . 
Some of these devices have a control electrode whic 1 
can be used to bring them into the high current stat 

and, like cold cathode trigger tubes, these electrodc; 
have very little effect after triggering. These devices ca 

be switched on in less than 0°1 us and can be switche 

off by reducing the collector current below the critic: 

value of a few mA in about 2 ys, these values bein 

typical of the high current versions now available. How 
ever, there is hope of lower current versions being avail 
able in the future which may prove to be even faste 
and can be used in circuits identical to those used with 
cold cathode tubes but with shorter time constants 
These circuits may prove quite useful until such time 
as the semiconductor equivalent of the dekatron be- 
comes a reality. 


6. Scaling tubes 
6.1 The dekatron 

The dekatron is now used very widely for all 
counting applications where speeds of a few kc/s are 
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Transistor driven dekatron (intermediate stage) (Fig. 5) 





adequate. Special versions of this tube are capable of 
much higher counting speeds but their use has not been 
so widespread. The dekatron requires two pulses applied 
consecutively to the two guides in order to complete a 
movement of the glow from one cathode to the next. 
The amplitude of these negative drive pulses should be 
about 80 V to 100 V and, for slow operation, it is not 
necessary to define the shapes of the pulses very pre- 
cisely. Two conditions for satisfactory operation are 
that the duration of the pulses below the level of about 
—§0 V with respect to the cathode should exceed about 
60 »s and the pulse to the second guide should overlap 
the pulse to the first guide. It is sufficient if the cross- 
over point of the trailing edge of the first pulse and the 
leading edge of second pulse occurs at below —30 V. 
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\ is methods for obtaining the two waveforms 


fro ie trigger circuit have been described and these 
are general satisfactory for low speed operation. 
Th sing cold cathode trigger tubes suffer from the 
disad\antage of slow recovery of the trigger circuit ex- 
cep! the system in which the trigger tubes are quenched 
by ernal circuits (77) which is particularly suitable 
when a number of dekatrons are operated in cascade. 


A circuit (/) using one transistor to drive dekatrons 
is shown in Figure 5 and the waveforms in this circuit 
are shown in Figure 6. The transistor is connected in 
a blocking oscillator circuit using a transformer which 
has four windings. Feedback is from the collector 
through a winding of 300 turns to the emitter winding 
which has 75 turns. When this circuit is triggered by 
applying a negative pulse of about 5 ws duration to the 
base of the transistor, the collector bottoms for a 

L 


duration (a — 
n n 


collector winding, m is the turns ratio of the collector 
winding to the emitter winding, R is the series resistance 
in the emitter circuit and a is the current gain of the 
transistor. At the end of this period the transistor cuts 
off and the collector voltage falls to —30V where it 
remains caught for about the same duration. The col- 
lector voltage then returns to the supply voltage of 

IS V. It is seen that the waveform on the collector 
winding is symmetrical about — 15V. In order to apply 
two negative pulses in succession to the guides of the 
dekatron the winding with 1000 turns is left floating 
with the two ends connected to the guides A and B, 
and diodes are connected from each point to earth, 


-) where L is the inductance of the 


which prevent either end from going positive. It is seen 
that this winding will apply a negative pulse to the 
guide A when the collector of the transistor is bottomed 
and a negative pulse to the guide B when the collector 
is caught at 30 V. The capacitor of 100 pF from 
guide A to earth ensures that there is suitable overlap 
between the two waveforms. 


Waveforms of transistor driven dekatron stage shown in 
Fig. 5 (Fig. 6) 
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Waveforms at the anodes of an Eccles-Jordan binary (Fig. 7) 





At the tenth input pulse the glow in the dekatron is 
moved from K, to Ky. The negative edge of the wave- 
form at K, can be used to drive a similar circuit. In- 
stead of using this waveform directly it is used to gate 
the waveform from another winding on the transformer. 
This ensures that the negative edge is fast so that the 
‘carry’ delay through the stage is determined solely by 
the rise time of the blocking oscillator waveform. The 
carry delay is about 2s using OC72 transistors and 
can be made less than | ps by using faster transistors. 


6.2 Thermionic tubes 

For higher speeds it is necessary to use scaling tubes 
with thermionic cathodes. One type (/2) which has been 
used for short resolving times employs a ribbon beam 
which can be locked in any one of ten positions by 
means of feedback from a slotted collector electrode 
to deflector plates. In normal operation this tube re- 
quires a triangular waveform of defined shape both on 
its leading and trailing edges. Using a double triode 
valve with stabilized supplies it is possible to generate 
this waveform with components having 5% tolerance. 
The resolving time is about 30 »s. With more elaborate 
circuits it has been possible to achieve a resolving time 
of about 0:2 ws. This tube has the advantage over a 
trochotron of direct indication and cheapness. The 
main disadvantage is that of criticality of the drive 
pulses. Unlike the trochotrons it does not provide wave- 
forms on 10 independent outputs indicating the position 
of the beam. 

The trochotron (/3) possesses many advantages over 
other scaling tubes, particularly in speed, non-criticality 
of drive waveforms, and large output waveforms which 
can be used for gating 10 external circuits without 
affecting the operation of the tube. Its use has been 
limited mainly by the high cost and lack of reliable 
direct indication. This tube requires negative drive wave- 
forms alternately on its two grids, each negative wave- 
form producing a movement of the beam by one posi- 
tion. One reliable method of driving the tube is to 
generate these waveforms by differentiating the outputs 
from the two anodes of a symmetrical Eccles-Jordan 
circuit. The tube will operate satisfactorily with nega- 
tive pulses of about 0-2 »s duration and 60 V amplitude. 
In order to obtain such large amplitudes it is necessary 
to amplify the pulses after differentiating the output of 
the Eccles-Jordan circuit. This emphasizes the main dis- 
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advantage of the tube in that high power circuits are 
necessary for high speed operation. 

The trochotron can be operated at lower speeds (up 
to about | Mc/s) by driving the two grids directly 
from the waveforms at the anodes of an Eccles-Jordan 
circuit without differentiation. It is however necessary to 
ensure that relative rise and fall times of these wave- 
forms are suitable. The beam moves from one spade to 
the next in about 0:1 ys, if the stray capacitances at the 
spades are small, when the associated grid is sufficiently 
negative. If the succeeding grid is also negative when 
this motion of the beam is complete it may tend to move 
a further position. The waveforms at the anodes of an 
Eccles-Jordan circuit are shown in Figure 7. It is seen 
that the anode potential that is recovering to H.T. rises 
much slower than the opposite anode potential which 
is falling. In order to ensure reliable operation it is 
necessary to make the rise time constant of the anode 
potential about 0:2 us or less. It is therefore necessary 
to use a circuit which consumes considerable power to 
drive the trochotron even though a high counting speed 
is not required. A solution to this problem is to use a 
binary circuit using inductance memory of the type re- 
ferred to in Section 3. It is possible to design a circuit 
using a double triode which has output waveforms on 
both anodes suitable for driving the trochotron. Typical 
waveforms at the anodes of the double triode are shown 
in Figure 8. It is seen that there is a time delay be- 
tween the rising edge of the waveform at one anode 
and the corresponding falling edge of the waveform at 
the other anode. 


7. Magnetic scaler 

An elegant scale-of-ten (/4) using square loop ferrite 
cores driven by transistors has the advantage of high 
speed and low power consumption. The general arrange- 
ment of the windings on the 10 cores together with 
the inter-connexions is shown in Figure 9. One of the 
10 cores is normally in the ‘ 1” state and the remainder 
are in the ‘0’ state. Current pulses are alternately 
applied to two inputs in order to move the position of 
the ‘1’ state from one core to the next. Suppose core 
0 is in the ‘l” state and a current pulse is applied 
between drive B and the —15 V line which, in flowing 
through the winding 7 on core 0, tends to switch it to 
the ‘0° state. This current pulse can flow through five 


Waveforms in binary using inductance memory (Fig. 8) 
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Scale-of-ten magnetic scaler (Fig. 9) 


possible paths to the —15 V line. However, the initia- 
tion of switching in core 0 induces an e.m-f. in the 
winding m of this core which results in the current 
flowing through winding n in core | and through W,, to 
the — 15 V line. The windings /, m and n on 2 mm cores 
have 56, 50 and 14 turns respectively. Consequently if 
the current pulse has a duration which is adequate to 
switch core 0 into the ‘0” state it will certainly have 
switched core | into the ‘1” state. If the next current 
pulse is applied to drive A it will flow through windings 
! and m of core 1, winding n of core 2 and through 
W, to the —15 V line, thus switching core | to the ‘0° 
and core 2 to the ‘1’ state. The ‘carry” output is 
obtained when the core ‘9’ is switched to the ‘0’ state. 

A convenient method of obtaining the two drive 
pulses is to use the binary using ferrite cores shown in 
Figure 3. By arranging for the return paths for the col- 
lector circuits to go through the circuit of Figure 9 to 
the —15 V line the alternative drives will be obtained. 
By suitable choice of the turns in the various cores it 
can be arranged that the drive currents are of the 
correct duration for operation of the scale-of-ten and 
the binary circuit. This complete scale-of-ten is ex- 
tremely compact and requires very little power but 
suffers from the disadvantage of not providing any 
external indication of its state. 
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Switching two million amps 


by G. M. BRACEWELL, A.M.LE.E 
G. R. BLACKWELL, B.Sc., of Haw 


INCREASING ENERGY REQUIREMENTS of CTR ex- 
periments together with the need to supply this energy 
at high rates has revealed several major engineering prob- 
lems, not the least of which is the switching of very large 
electric currents at fairly high voltages. The energy source 
is frequently a condenser bank and high current transients 
are achieved by arranging for both condensers and load to 
have very low inductance. In some cases this means that 
the inductance of a suitable switch is limited to a few 
millimicrohenries, the relevant initiation time being of the 
order of one microsecond or less for currents of about 
0:5 x 10° amperes and higher. The switch insulation level 
must be able to handle reflected voltages some 50%, above 
normal rating and a p.r.f. in some cases approaching 6 
discharges/minute. 

The possibility of using a vacuum switch to meet these 
somewhat stringent requirements has been actively pursued 
over the past few years notably in the USA (/), though 
little published work exists. The experimental 30 kV switch 
here described is based on a USA design (2) and was 
manufactured and tested under contract to the CTR Group, 
AERE Harwell. 


Low inductance design 

The design shown in Figure 1 makes use of the insulat- 
ing properties of vacuum and the high conductance of 
ionized plasma. These properties are combined to produce 
what is in effect a high current triggered spark gap having 
minimal inductance. 

\ vacuum chamber is formed by two stainless steel 
electrodes and a series of grading plates, also stainless 
Steel, having p.t.f.e. tyres which act both as vacuum seals 
and electrical insulation. The grading plates are held be- 
tween the main electrodes by nylon compression pillars. 
Che upper (negative) electrode is fitted with a Bostick type 
trigger assembly (3) which is connected to 1:1 pulse trans- 
lormer. 

Che pressure-tight outer case of the switch is arranged 
to fit closely around the vacuum chamber forming a co- 
axial current path, added insulation being provided by a 
cylindrical layer of melinex sheet between vacuum cham- 
ber and hiduminium outer case. Coaxial cables enter 
through pressure tight glands in the top end cover, the 
cable braid being terminated at the gland, and the centre 
core being terminated at the upper electrode by means of 
a plug and socket type connector. 

The present switch has 100 Uni-Radio (67) input cables, 


NUCLEAR POWER November 1959 


.. J. MAYCOCK, B.Sc. and 
‘ker Siddeley Nuclear Power Co. Ltd. 


and the cable end terminations are made very short to 
avoid introducing inductance into the circuit. This is made 
possible by pressurizing the cable entry region with several 
atmospheres of the electro-negative gas sulphur hexafluor- 
ide (SF,). The gas also helps to insulate the pulse trans- 
former. 

Vacuum pump-out lines are connected to the discharge 
chamber through p.t.f.e. tubes. These connect on to a 
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Fig 1 Section through the vacuum switch 


baffle which discourages the discharge from passing down 
the pump-out. This is supplemented by permanent magnets 
which apply a field across the pump-out lines and are effec- 
tive in stopping flashover from the lower electrode to the 
vacuum system. 


Looking at the design in more detail, it is obvious that 
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the inductance is not only related to the linear dimensions 
in the direction of current flow, but also to some relation- 
ship of radial dimensions and current magnitude. It should 
be possible to minimize the linear dimensions by grading 
the vacuum gap so that ions cannot be accelerated by the 
full switch voltage and the stainless steel plates are an 
attempt in this direction, though the optimum number and 
disposition of plates necessary for a given d.c. withstand 
voltage has not yet been determined. It is clear, however, 
that the ability accurately to trigger the switch will also 
enter into such optimization. The optimum radial dimen- 
sions for minimum inductance will depend on whether the 
current magnitude is sufficient to cause it to flow close to 
the walls of the discharge chamber, i.e. it should be pos- 
sible to determine a minimum current at which a given 
diameter of switch has minimum inductance, and with the 
present experimental unit this appears to be about 0:5 x 





Fig 2 The switch is connected to a condenser bank 


10° amperes. The writers have not yet, however, established 
any design criteria relating these quantities. 

The preferential operating pressure has been empirically 
determined and is about 10 microns (air). This pressure 
gives consistent triggering and maximum d.c. breakdown 
voltage of about 50 kV. The lowest pressure so far obtained 
with the present form of vacuum sealing is about } micron, 
based on a limiting deformation of the p.t.f.e. tyres, nor- 
mal to the sealing surface, of about 5%. 


High current test facility 

Figure 2 shows the switch connected to a condenser 
bank which produces short duration high current transients. 
It comprises 100 paper dielectric, petroleum jelly-filled con- 
densers of 4+ microfarad each, with a maximum working 
voltage of 40 kV d.c., and a ringing frequency of 500 kc/s. 
These are connected in parallel at the switch electrode by 
separate cables 4 ft long each having an inductance of 300 
millimicrohenries. The termination at the condenser has an 
inductance of about 100 millimicrohenries. The condenser 
bank is charged in about 15 seconds by a transformer-rec- 
tifier unit with variable output up to 40 kV. This can be 
combined with a Cockcroft-Walton circuit to produce 80 kV 
for other test purposes. 

The source providing the trigger pulse to the transformer 
(Figure 1) in the tests later described was a } microfarad 
condenser (at 22 kV) initiated by a simple three-ball gap, 
this being adequate for the present tests. A new source is 
under development in which the three ball gap is replaced 
by a CV.2520 hydrogen thyratron valve operating at ISkV 
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300 amperes, the pulse voltage at the trigger gap be 
increased by mis-matching the input cabie and pulse tra 
former. 

D.c. volts were measured by a 40 kV (max) E.S.V. 
a.c. volts by a 1600:1 cathode follower potential divic r. 
The main discharge current was measured by a Rogow <i 
coil (encapsulated in epoxy resin) followed by 6 mic 
seconds of delay cable and an integrating circuit. 


ag 


Summary of test results 


The present switch was constructed for use at a nomir il 
d.c. rating of 30kV but it was estimated somewhat ar 
trarily that an adequate overall voltage stand-off would 
about 50% higher, bearing in mind the possibility of c:- 
electric conditioning and other effects. It was decided n 
to look for the maximum stand-off voltage prior to high 
current tests since a few flashover measurements wouid 
give little information whilst many would damage the ins 
lation. Accordingly the test level for nominal 30 kV oper 
tion was set at 50kV over the pressure range 1 to 1!0 
microns Hg. A low p.r.f. 50kV d.c. pulse source was con- 
nected to the upper main electrode, the switch case being 
earthed, and applied continuously for a few hours. This 
was not intended as a life test of the insulation, which was 
expected to be determined mainly by the actual condi- 
tions of discharge, but merely to ascertain the initial vo! 
tage stand-off capability. 

It was found that the upper pressurized region (SF, at 
80 lb/sq.in.) and the vacuum chamber satisfied the 50k\ 
d.c. level between the pressure range | to 10 microns, but 
was unreliable at pressures exceeding about 30 microns. It 
had been pointed out in earlier work (2) that the voltage 
stand-off (and triggering) were sensitive to the offset of the 
holes in the grading plates, and that the optimum aperture 
appeared to be about 3093. This corresponds roughly with 
the 70° off-set used in the present tests. Subsequent tests 
indicated that the vacuum chamber could in fact handle 
voltages in excess of 60kV, but this was limited by flash 
over in the pressurized region at about 55kV. It was also 
found that the vacuum line flashed over when the lower 
electrode was raised above 26kV, but withstood 40kV 
d.c. when a 800 gauss (P.M.) field was applied across the 
pipe line. This was considered satisfactory for the tests in 
hand. 

The initial high current tests were conducted at maxi- 
mum current level. Earlier reports (2) indicated that the 
discharge chamber insulation deteriorated at low currents 
due to bombardment of the surfaces with evaporated metal 
from the electrodes. At high currents, it was suggested, the 
p.t.f.e. surface would tend to ‘clean up’ with each dis- 
charge, any products being pumped out down the vacuum 
lines. It is hoped to investigate this point as the tests 
proceed. 

Figure 3 shows a typical oscillogram of current through 
the switch using 48 microfarads at 30kV. The initial 
vacuum pressure was 10°3 microns followed by a sudden 
rise to 30 microns during the discharge, returning to the 
initial value in about 30 seconds. The peak current was 
1-9 K 10° amperes with a rise time of 0-9 microseconds. 
giving a mean current rate of rise of about 2:1 x 10! 
amperes/second. Records taken with a longer time scale 
show that the period becomes stable after one or two 
cycles and corresponds to a frequency of 230 kc/s. Deduct- 
ing all other known inductive components, the switch in- 
ductance based on this frequency is 3 millimicrohenries. 
The discharge was damped out in about 8 cycles, the 
logarithmic decrement appearing to change after about 2 
cycles. Analysis indicates that the apparent switch resis- 
tance is about 0°5 milliohm for two or three cycles, then 
changing to about 2 milliohms for the remainder of the 
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disc! . A considerable amount of further work is re- 
quire .o understand the significance of these changes and 
thei ition to switch design. It is perhaps worth men- 
tior incidentally, that the switch is almost silent in 
opel l. 


Further work 

The experimental results are in good agreement with the 
ear! original work, carried out in the USA though many 
uncertainties exist concerning the optimum design and 
operation of the switch for given applications. Further 
work is required on the mechanism of breakdown, par- 
ticularly in connexion with the current distribution in the 
discharge chamber. It would be interesting and useful to 
examine the changes in inductance and resistance in terms 
of the timespace location of the conducting gas, and to 
attempt to relate this with total current. Similarly it would 
be useful to examine the voltage grading in the gap and 
correlate this with vacuum pressure, breakdown time, and 
‘jitter’. Clearly the present test results enable the rele- 
vent experiments to be designed. . 

Work is also required on the effect on construction 
materials of protracted switching of heavy current dis- 
charges possibly up to the order of a millisecond in dura- 
tion. Investigation is also required of alternative electro- 
negative gases for insulating the cable inlet glands. Some 
gases, e.g. octafluorocyclobutane (C,F,) may offer better 
insulation properties than SF,. It is worth mentioning also 
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Fig 3 A typical oscillogram of current through the switch 


that the writers have experienced difficulty during develop- 
ment of the switch due to electrical breakdown of SF, into 
the very toxic lower fluoride S,F,,. Various mixtures of 
nitrogen and dichlorodifluoromethane (CCL,F,) are also 
being examined. It is hoped that these various investiga- 
tions will eventually lead to a switch suitable for higher 
voltage operation. 


Acknowledgements 


The work here described was carried out under contract to the CTR Group, 
AERE Harwell. Thanks are due both to the Director, AERE, and to the Chief 


Executive of the Hawker Siddeley Nuclear Power Co. Ltd. for permission to 
publish this article. 
References 


1. Tuck, James L. Geneva Conference 1958 Paper A/CONF15/P/1860 con- 
tains references 

2. Baker, W. R. Radiation Laboratory, University of California Private com- 
munication to AER 

3. Bostick, W. H. Phys. Rev. 1956, 104, p. 292 


Oxidization of graphite in reactors 


by M. TOMLINSON, B.Sc., AERE, Harwell 


THE FACT THAT graphite is oxidized when irradiated 
in air in a reactor is of considerable interest since it might 
cause significant loss and weakening of the moderator in 
air-cooled, graphite moderated reactors and gives much 
insight into other radiation-induced, gas-graphite reactions. 
When the results of three separate investigations of the 
reaction were compared there appeared to be large dis- 
crepancies. In one series of experiments the amount of 
oxidization for a given amount of radiation was a hun- 
dred times greater than in another series. This anomaly 
can be reconciled in terms of the reaction scheme which 
was elucidated in one of the investigations, as is shown 
in a recent UKAEA Report (/). The seeming discrepancies 
are shown to arise because the oxidization rate is critically 
dependent upon the geometry of the system and the gas 
flow rate, as well as the more obvious parameters. When 
the differences in these parameters are allowed for, the 
results are seen to be quite consistent. 


NRX, Windscale and Bepo experiments 

The first set of experiments was carried out in the NRX 
reactor at Chalk River. Small specimens of graphite were 
irradiated at 150 to 300°C in a stream of hot air and re- 
moved periodically for measurement of the weight change 
due to oxidization. 

The second investigation was carried out in the Wind- 
scale Pile 1. Graphite specimens were spaced along an 
‘isotope’ channel, which carried a rapid flow of air. Tem- 
peratures varied from 20°C at the inlet to 160°C at the 
outlet of the channel and the radiation intensity followed 
a cosine distribution about the mid-point of the channel. 
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The specimens were removed periodically for weighing. 

The third series of experiments took place in Bepo. 
Oxygen was circulated in a closed cycle round a fused 
quartz apparatus containing heated graphite specimens 
inside the reactor. The carbon dioxide produced by the 
oxidization of the graphite was extracted continuously to 
give a measure of the oxidization rate. The influence of a 
number of parameters was studied and subsidiary experi- 
ments on oxidization of graphite by ozone and nitrogen 
oxides were conducted outside the reactor. 


Discrepancy in results 

The results of the three sets of experiments are sum- 
marized in Table I where the oxidization rates for each 
set have been expressed in the common units of percentage 
loss in weight of the graphite for a total thermal neutron 
dose in the graphite of 10°° neutron/cm?. When compared 
on this basis, the oxidization rates observed in Windscale 
were lowest, the NRX values being about ten times larger 
and the Bepo value a hundred times larger. 

The chief difference between the respective experiments 
was in the gas flow rate, which was greatest in the Wind- 
scale experiments and least in the Bepo experiments. There 
were lesser differences in other parameters, e.g. weights 
and external surface areas of the graphite specimens. The 
gas flow values are given in Table I but other parameters 
are omitted for simplicity. The explanation for the large 
differences in oxidization rate is given in terms of these 
differences in gas flow and geometrical parameters and is 
based on the reaction mechanism found from the Bepo 
experiments. These are described at length in another re- 
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cent report (2). 

The Bepo experiments showed that, under the condi- 
tions used there, the oxidization was due to the break 
up of the gas under irradiation and the subsequent attack 
of the radiolysis products,:atomic oxygen and ozone, on 
the external surface of the graphite. The rate of surface 
reaction was very dependent on the velocity of the gas 
stream, the gas irradiation volume upstream of the graphite 
and other geometrical parameters. 


Reaction in the pores 


It was inferred that, in addition to the attack from the 
bulk gas on the external surface, radiolysis of the gas 
within the pore structure would cause a uniform attack 
throughout the bulk of the graphite. The pore reaction 
is independent of gas flow and geometrical parameters and 
should be considered quite separately from the surface 
reaction. It was negligible compared to the surface reac- 


TABLE | Measured and calculated graphite oxidation rates 
EXPERI- TEMPERA- AIR OXIDATION RATE: w/o per 102° n/cm2 





MENT TURE FLOW Observed Calculated (200°C) 
SERIES 2 1/sec Total Surface Pores 
NRX 150-230 14 0-29 -0-45 0-12 0-081 0-036 
Windscale 70-100 40 0-024-0-064 0-052 0-016 0-036 
Be po 60-250 0-017 1-0 4-5 4-1-7°3 4-1-7:3 0-036 


tion in the Bepo experiments, but it could predominate 
under other conditions. 

The normal, thermal oxidization was found to be en- 
tirely negligible at the temperature of interest, even though 
this reaction may have gone faster as radiation damage 
accumulated in the graphite—an effect for which some 
indications were found from experiments at a higher tem- 
perature (300°C). 

If the mechanism outlined above is correct, there is no 
simple way of making a direct comparison of results of 
the three sets of experiments and it is grossly misleading 
to compare oxidization rates in terms of bulk loss, as in 
the table, if, as in one case at least, the loss is mainly from 
the surface. Therefore, the oxidization rates to be ex- 
pected on the basis of this reaction scheme are calculated 
to see if the actual findings follow the expected pattern. 


Calculation of reactions 


The theoretical oxidization rate is calculated as the sum 
of two contributions, the surface reaction and the reac- 
tion in the pores. The first term in the calculation of the 
surface reaction is the rate of break up of oxygen to give 
ozone. This is proportional to radiation intensity in the gas, 
gas density and the volume of the gas space in the irra- 
diation zone upstream of the graphite. 

The next term allows for loss of ozone by reversion to 
oxygen before reaching the graphite, an estimate of which 
was obtained from the Bepo experiments. The magnitude 
of this term is related to the time of flow through the gas 
irradiation zone to the graphite. As the time of flow de- 
creases (gas velocity increases) a larger fraction of the 
ozone reaches the graphite and the oxidization rate tends 
to be increased. 

The final term gives the fraction of the ozone reaching 
the graphite which actually reacts and causes surface 
oxidization as it stream past. This is based on an estimate 
of the efficiency with which ozone molecules colliding with 
a graphite surface cause oxidization, which was obtained 
from experiments subsidiary to those in Bepo. This term 
depends on the surface area of the graphite and the time 
of flow past it. The greater the area and the slower the 
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flow, the greater is the fraction of the ozone reaching he 
graphite which reacts before it is swept away with the :as 
stream. 

The reaction in the pores is estimated by assuming tat 
all the oxygen radiolysis occurring within the pores results 
in oxidization of graphite. The rate of the pore react on 
depends only on the radiation: intensity, gas density < ad 
the porosity of the graphite. 

The results of this calculation are shown alongside ‘he 
observed values in the table. The calculated values given 
are for 200°C, this being the temperature for which vali es 
for the kinetic constants of the ozone-graphite reaction 
were estimable. As a first approximation, the observed and 
calculated results may be compared irrespective of the 
temperatures to which they pertain, because the experi- 
mental results show that temperature effects were small 
compared with the differences between the three sets of 
results. A dubious temperature correction can be applied 
but is omitted here for simplicity as it does not alter the 
picture. The theoretical values which emerge are of the 
same order of magnitude and follow the same pattern 
as the observed values and are considered to be in good 
agreement—as good as the many uncertainties in the cal- 
culations will allow. 


Comparison of theory and experiment 

The calculations indicate that, in the Windscale experi- 
ments, because of the high velocity of the gas stream. 
nearly all the ozone produced by the radiolysis of the gas 
in the channel was swept away before it could react with 
the graphite and the oxidization observed was due mainly 
to radiolysis of the gas within the pores, except for speci 
mens near the outlet end of the channel. In the NRx ex 
periments, the oxidization occurring within the pores no 
longer predominated, though even here a large fraction 
of the ozone produced in the gas stream was being swept 
away unreacted. The surface reaction was very much 
greater in the Bepo experiments, with their slow flow. 
because very little ozone was swept unreacted past the 
graphite. However, at the low flows, loss of ozone by 
reversion to oxygen before reaching the graphite became 
important. 

The calculations also explain the curious way in which 
the weight loss of specimens varied with position along 
the Windscale channels. Whereas the radiation dose varia 
tion was symmetrical (cosine distribution) about the mid 
point of the channel, the maximum weight losses occurred 
slightly downstream of the mid-point and were much 
higher at the outlet end than for corresponding positions 
at the inlet end of the channel. The calculations show that 
this is to be expected, owing to an increasing amount of 
surface oxidization as the ozone concentration builds up 
along the channel. 

It thus emerges that there is no simple way of compar- 
ing rates of radiation induced oxygen-graphite reaction 
in different systems or of extrapolating from one system 
to another. Nevertheless, the insight into the fundamentals 
of the reaction which was gained from the Bepo experi- 
ments has led to an understanding of the very different 
results obtained from the other experiments and permits 
a confident appraisal of the behaviour in other systems. 
This illustrates the importance of backing up an empirical 
approach to the solution of technological problems with 
adequate research into the underlying science. 
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Cross Section by GRACCHUS 


THE GATHERING on the Oslo plat- 
form for the special train to Halden 
was an impressive one: Sterling Cole, 
Pierre Huet, Lew Kowarski, Jules 
Gueron, Francis Perrin, Siegfried 
Balke, Basil Schonland, Felice Ippo- 
lito; the guest list read like a short 
edition of an atomic who’s who. Amid 
the friendly greetings, though (‘ How 
are you? I wrote asking you something 
or other eight months ago —‘ yes I 
was just about to reply’) one was 
missed : 

‘Cockcroft? I saw in the papers that 
he was coming.’ 

* He's not on the list’. 

‘He was in Copenhagen yesterday ’. 
‘No he wasn’t. He’s in Stockholm’. 
He didn’t come. 


This was to be a big day at Halden, 
9) kilometres away. The heavy boiling 
water reactor, the first of its kind and 
the first European Nuclear Energy 
Agency joint project to get under way, 
was to be officially opened by King 
Olaf. 

The train arrived and we got out. A 
loud explosion shook the town. No- 
body said it: after all it would be too 
fantastic a piece of bad luck. And the 
damn thing couldn't actually blow up, 
could it? Bang succeeded bang and 
expressions relaxed. It was only a 
cannon salute for the King. Everyone 
smiled and we started off on what 
proved to be a very smoothly organ- 
ized trip. First a look round the re- 
actor hall inside the Moon Mountain, 
then off to a film while the King 
arrived for his solitary tour of the 
reactor. Back from the film and all 
assembled for the speeches. The actual 
Startup was arranged by telephone with 
the control room (where Colin Wilson, 
an ex-Harwell man, was in charge) and 
an illuminated sign showed the power 
level, which got up to its 100 watts 
just as the talking finished. A very 
short speech from the King and the 
reactor was open. 


THE JOB of building HBWR and sending 
it critical was completed three years 
ind three months after official ap- 
proval of the project and on the whole 
construction went pretty smoothly. The 
only major setback had been the state 
of the inside of the mountain; it had 
turned out to be much less solid than 


the geologists hoped and instead of a 
straightforward blasting job leaving 
walls and ceilings in their natural 
state, the whole thing had to be lined 
with concrete. 


Talking with members of the operat- 
ing team I got the impression that this 
particular example of _ international 
cooperation is working very well. For- 
tunately the experiment is basic enough 
to avoid problems of commercial 
security such as sometimes arise with 
the Eurochemic project. The next step 
is an enriched core and the big ques- 
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tion is where to get it. The US, the 
UK, or one of the international agen- 
cies are all possibilities. Until this is 
put in the power is unlikely to rise 
above 6 MW. ‘At the moment I sup- 
pose we must say we have the only 
non-boiling boiling heavy water reac- 
tor in the world’, joked Gunnar Ran- 
ders, managing director of Institutt for 
Atomenergi. ‘ But I still should like to 
see anybody boiling their heavy water 
before us’. 

‘We still don’t know what we'll do 
with the steam when we get it’, he 
told me. ‘We might extend the ex- 
perimental period to four years if it 
looks necessary and interesting. By 
then its value to us will have de- 
creased and we could produce steam 
for commercial use at the price neces- 
sary to run the reactor.’ 


IN BRUSSELS last week, I spent some 


time at Euratom’s headquarters and 
heard that over the past few months 
American proposals for power stations 
under the US-Euratom agreement have 
had greatly improved guaranteed oper- 
ating figures. The authorities have 
re-estimated power production costs 
and, using the new American data, 
have concluded that nuclear stations 
could be operated for 8-5 mills per 
kilowatt against the 8 to 10 mills per 
kilowatt which is at present being 
achieved by the most efficient conven- 
tional stations within the European 
Community countries. These new 
figures have been based upon a burnup 
rate of 18,000 MWD/t in place of the 
earlier rate of 10,000 MWD/t. 


Despite such encouraging operating 
costs, I found the general feeling at 
Brussels was pessimistic. A doubtful 
2000 MW target by 1965 is now 
thought of, and even this figure in- 
cludes the promised 1000 MW from 
the US, which will most certainly take 
SENN into account. Euratom have 
very tentative ideas for the rest which 
may include two in Germany—one 
possibly in West Berlin—one in Hol- 
land and one somewhere along the 
Franco-Belgian border. 

Looking more to the future, Eura- 
tom experts are, they tell me, trying to 
cut out duplication of effort and rather 
prefer to work on other people’s reac- 
tors. To this end, in addition to having 
teams at Winfrith Heath, Chalk River, 
Halden and Arnhem, a group visited 
Dounreay this week and possibly some 
arrangements will be made whereby 
they will be able to obtain ‘cheap’ 
breeder experience. 


APROPOS of my remarks about gravity 


last month a reader reminds me that 
H. G. Wells was toying with this fas- 
cinating subject nearly 60 years ago 
in his ‘ The First Men in the Moon “— 
a title with quite extraordinary topi- 
cality, incidentally. I had to admit I'd 
not read this novel but I have since 
repaired the omission. The hero—if 
you can call him that—is a Professor 
Cavor who invented a material opaque 
to gravitational fields. Just what it wag 
made of is not at all clear since the 
narrator is particularly clueless when 
it comes to science. But apparently 
the material—Cavorite—was a mixture 
of metal powders, sintered in helium. 
This of course had only just been 
discovered on earth and it was, 
quaintly enough, delivered to Cavor in 
‘sealed stone jars.” As it happened 
Cavorite was rather nasty stuff and 
needed great care in handling since 
anything above it—including the air— 
would rush off into outer space. 
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PROGRESS IN 


Mechanical testing starts 


on US fast breeder 


“WE ARE doing everything possible 
to hold to the scheduled July 1960 
completion date’ Robert W. Hart- 
well, the general manager of the 
Power Reactor Development Com- 
pany (PRDC) told NUCLEAR POWER 
last month, answering a query on 
rumours that the schedule for the 
Enrico Fermi breeder reactor would 
have to be extended. 


Early beginnings 

In 1951, four study groups from in- 
dustry were formed, one of which was 
the Dow Chemical-Detroit Edison 
team, forerunner of the organization 
that in 1955 became known as Atomic 
Power Development Associates, Inc. 
(APDA). This is a non-profit corpora- 
tion made up of 30 electricity generat- 
ing companies and 12 engineering 
firms which share the research experi- 
mentation and development work con- 
nected with the basic design of the 
reactor and related facilities for the 
Fermi plant. 
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At the end of March 1955, a pro- 
posal to construct a developmental 
fast breeder power reactor was sub- 
mitted to the United States Atomic 
Energy Commission by a group of 9 
companies, which five months later 
formed a _ non-profit organization 
Power Reactor Development Corpora- 
tion (PRDC). Since then the number 
of participants have grown and today 
PRDC is made up of 18 generating 
and 7 engineering companies. These 
are associated together for the financ- 
ing, constructing, owning and operat- 
ing of the APDA-designed 100 MW 
Enrico Fermi reactor being built at 
Lagoona Beach, on the shore of Lake 
Erie. 


Private finance 

With the exception of $4,450,000 
worth of research and development 
being carried out in AEC facilities, 
the capital cost of the Fermi plant is 
being financed by industry. Expendi- 
ture by APDA on development is ex- 


All the operational sections on the site, apart from the fuel and repair building 
seen under construction in the foreground, have been built 
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Enrico Fermi Reactor nears 


completion 


pected to reach some $MI16 by the 
time the reactor is completed. Con- 
struction costs to PRDC are estimated 
eventually to total $M42 and an addi- 
tional $M3 for research and develop- 
ment has been budgeted by PRDC. 

The reactor and its sodium boilers 
will be operated by PRDC and the 
steam generated will be sold to the 
Detroit Edison Company who are 
building the adjacent electricity gen- 
erating facilities. 

On August 8, 1958, an agreement 
was signed in London between the 
United Kingdom Atomic Energy 
Authority and the PRDC covering the 
exchange of information relating to 
fast breeder projects and the training 
of personnel. Considerable data has 
been exchanged since the agreement 
became effective on October 1 last 





year and PRDC engineers have been = 
at Dounreay on the final assembly and sean 
commissioning of the AEA’s fast 7 
breeder reactor. 

PR 


Rigorous testing 
In the main, construction has been c 
completed; non-nuclear testing of 
the major components was started by 
APDA on July 1 and already some 
150 tons of sodium has been delivered 
to site. Earlier the reactor contain 


ment building, made by Chicago A’ 
Bridge & Iron Co., had been tested Hi 
twice—initially late in 1957 and then Se 
again in December 1958. Following Hi 
radiography of all welds, the test was ele 
carried out at 40 Ib/sq. in. for 36 hours fill 
and leak-rate check made. The tests mi 
were witnessed, in addition to APDA ol 
and PRDC, by the United States en 
AEC, the Hartford Boiler Inspection X 


& Insurance Co. and representatives 
from the State of Michigan. On the 
successful conclusion of the tests, the 
building was approved in accordance 
with the code of the American Society ui 
of Mechanical Engineers. 
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I wing some thirteen months of 
mec! :nical and instrument testing, a 
yea yre-operational nuclear testing 


will initiated and is scheduled for 
compiction by the end of June 1961. 
To vlement this work, a new PRDC 
standing committee, formed for the 
purpose of making recommendations 
on personnel and operating matters, 
held its first meeting at the site on July 
15, under the chairmanship of Mr. 


R. P. Liversidge of the Philadelphia 
Electric Co. Mr. Eldon Alexanderson 
has been appointed as the reactor en- 
gineer and he will assume his duties 





Lowering the plug into the reactor ves- 

sel. The shell, weighing approximately 

40 tons, was fabriated by Combustion 

Engineering Inc. Completely equipped, 
it now weighs some 150 tons 


with PRDC next March, following 
completion of their hazards summary 
report. 


PROGRESS IN INDUSTRY 


Technical data 

The Fermi plant will have an initial 
electrical capacity of 100 MW which 
will eventually be stepped up to 156 
MW. The reactor’s characteristics are: 


Gross power 300 MWt 
Critical mass (U-235) 444 kg 
Breeding ratio 1-2 


U-235 consumed per year 87 kg 
Plutonium produced per 

year 106 kg 
Fuel alloy U-10% Mo 
Uranium enrichment 256% 
Core diameter 30:5 in. 
Core length 30-5 in. 
Core average heat flux 652,000 

Btu/h sq. ft 
Core power density 78,500,000 
Btu/h cu ft 

Sodium velocity 31-2 ft/s 
Overall height of primary 

shield tank—over dome 56:3 ft 
Height of primary shield 

tank 40-2 ft 
Maximum diameter of 

primary shield tank 24 ft 
Height of reactor vessel 36:3 ft 
Maximum diameter of 

reactor vessel 14-5 ft 


Maximum vessel thickness 2 ins. 
Steam plant net thermal 


efficiency 31°3% 
Primary sodium tempera- 

tures—inlet 550°F 

—outlet 800°F 

Sodium flow 5893 ton/h 

Secondary sodium tem- 

peratures—inlet 750°F 

—outlet 500° F 

Steam pressure 600 Ib 

sq.in.abs. 
Steam temperature 740°F 


The General Nuclear Engineering 
Corp. has completed the design of the 
180-ton transfer cask vehicle; it is 
now under construction by Baldwin- 
Lima-Hamilton Corp. of Philadelphia 


Developing advanced materials 


AT Tube Investments’ laboratories, 
Hinxton Hall, near Cambridge, re- 
search under the direction of Dr. T. P. 
Hughes, is being carried out on the 
electron microscopy of thin metal 
films, mechanical properties of non- 
metallic * whisker’ crystals, properties 
of beryllium, applications of high- 
energy irradiation, and the use of an 
X-ray scanning microanalyser. 


Thin metal film 

The physical theory of metal de- 
formation is, according to TI’s Scien- 
tific Director, Sir Ben Lockspeiser, ‘a 
field of physics in which there is a lot 
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The plug, 94 ft in diameter and 12 ft 
high, was filled with shielding material 
by the Snyder Corp. Graphite and 
borated graphite, contained in some 
3600 carbon steel cans on thick steel 
plates, occupy a depth of 7 ft. As well 
as serving as a shield, the plug acts as 
a rotating platform for the refuelling 
mechanisms and fuel subassemblies hold- 
ing down mechanism 


and is scheduled for delivery June 1, 
1960, so as to be available for the 
critical fuel loading. This heavily lead- 
shielded vehicle will be self-propelled 
and all operations electrically con- 
trolled from the operator’s cab. 


Fuelling arrangements 

The Davison Chemical Company 
has been responsible for the reduction 
from hexafluoride to metal of de- 
pleted and enriched uranium for the 
blanket rod fabrication. Two core 
loadings have been ordered to prevent 
any delay in start-up and to provide 
technical and financial comparisons 
during fabrication. Nuclear Metals, 
Inc. and Sylvania-Corning Nuclear 
Corp. are each making one reactor 
core loading and one half blanket 
loading, 100 core and 300 blanket sub- 
assemblies at a total cost of nearly 
$M3. 


new facilities at Tube Investments 


more ignorance than knowledge’. At 
Hinxton Hall, electron microscopy is 
being employed to investigate the ways 
in which the microstructure can in- 
fluence the mechanical properties of 
metal. 

To facilitate this work, two electron 
microscopes and an electron diffrac- 
tion apparatus have been installed. 


Materials of the future ? 

The bulk strength of materials is 
always far below the theoretical value 
arrived at from fundamental consider- 
ations and it is known that impurities 
account for most of the discrepancy. 


A better understanding of this phe- 
nomenon could lead to metals with 
far greater resistance to heat and to 
thermal and mechanical shock and TI 
are spending a lot of time and money 
on this problem. Mr. J. E. Gordon, 
for example, working with refractory 
materials such as aluminium and sili- 
con oxides, nitrides and carbides, has 
grown ‘whiskers’, or single crystals 
which are many times stronger than 
the bulk material. In this field General 
Electric in the United States is obtain- 
ing the same results with ‘ whiskers’ 
of a number of metals. There is still a 
long way to go before practical appli- 
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All the operating controls of the scan- 
ning electron-probe X-ray microanalyser 
are arranged compactly together 


cation is possible but the promise of 
better materials is there. 


Hope for beryllium 

The future of this most awkward 
material is in the balance and TI, in 
conjunction with the AEA, are inves- 
ligating the effect of impurities on its 
physical characteristics. One interest- 
ing result of this work is the discovery 
of a precipitation phenomenon. This 
is the deposition, within the metal 
crystals, of an impurity which is sol- 
uble at the higher temperatures en- 
countered during production, but 
which, on cooling, is precipitated with- 
in the solid metal. Its elimination, it 
is anticipated, would improve the duc- 
tility of beryllium. 


Irradiation economy 

While many radiation-induced chem- 
ical reactions can be reproduced by 
conventional chemical methods, the 
same result can often be obtained by 
ionizing radiations. In some cases 
practical or economic advantages re- 
sult. The emphasis on this work at TI 
is now on the reduction of the doses 
necessary for cross-linking polymers 
and they are carrying out research on 
fillers and polymerizable plasticizers. 


New instrumentation 

One of the most important sections 
at Hinxton Hall is that under Dr. 
D. A. Melford, employing an X-ray 
scanning microanalyser. The first pro- 
totype was evolved at the Cavendish 
Laboratory, Cambridge. TI scientists 
continued the development and an in- 
strument for metallurgical work has 
been built by the Cambridge Instru- 
ment Co. Ltd. This instrument is cap- 
able of non-destructive and in situ an- 
alysis of areas approximately 1 mi- 
cron in diameter, simultaneously dis- 
playing a reflexion electron image and 
an X-ray image of a selected element. 
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Thus a _ direct visual comparison 
between the surface topography of the 
specimen and the distribution of a 
selected element can easily be made. 


Point quantitative analyses and a 
linear distribution display are also 
possible. 


At present the microanalyser is 
capable of detecting wavelengths of 
0:7-8:5 A which includes the K or L 
characteristics of elements 13 to 92 
(Al to U), but carbides, nitrides and 
oxides are beyond the reach of the 
instrument in its present form. A pos- 
sible line of development will be to 
solve the problem of detecting soft X- 
rays and Dr. Melford anticipates that 
work will be carried out which would 
result in an increase in resolution to 
perhaps 1000 A (0-1 micron). 


The microanalyser in use 

The normal practice is to carry outa 
thorough external optical examination 
and when the area to be analysed has 
been selected, it is photographed. 
After being mounted in a suitable spe- 
cimen holder, it is located in the 
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CRYSTAL 
SPECTROMETER 
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the reflexion electron image. Tak ng 
the simple case of a particle of in- 
known composition embedded ir a 
known matrix, experience in optical 
metallography will give a guide to he 
likely constituents. Such _possibilit'es 
are readily-checked by stationing he 
probe on the particle and the app:o- 
priate Bragg angles are set up on ‘ie 
spectrometer. If the element seleci cd 
is present, the pulse monitor will c s- 
play a bright band of pulses when 
correct angle is reached. 

When the element has been estab- 
lished, the time bases are switched on 
again and the X-ray image will reveal 
the distribution of the element over 
the whole field as well as within the 
particle itself. Other elements that may 
be present in the particle can then be 
investigated in the same way. 

If there is no prior indication of 
the possible constituents of a particle, 
such as recently occurred in the exam- 
ination of beryllium, a different tech- 
nique is employed. First the X-ray 
image is examined and the beam ad- 
mitted directly to the counter so that 
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The main components of the microanalyser are (A) electron gun (B) and (D) 

magnetic focusing lenses (C) scanning coils (E) photomultiplier (F) a phosphor 

(G) rotating table (H) specimen holder (J) emission port (K) analysing crystal 

(L) proportional counter (M) pen recorder (N) long persistence screen and 
(O) scanning screen 


microanalyser and orientated to corres- 
pond with the optical photograph. A 
feature of the instrument is that a 
characteristic arranged to appear up- 
right in the optical field is displayed 
with the same orientation on the re- 
flexion electron image. 

When focusing has been completed 
the time base is switched on and the 
electron image inspected at full scan. 
The magnification at this stage is 
usually the same as the optical photo- 
graph. Subsequent X-ray images may 
make it preferable to increase or de- 
crease the magnification. 

X-ray microanalysis is started when 
the field of interest is clearly visible in 
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any constituents in the detectable range 
are indicated as a narrow bright band. 
Using a ratemeter the height of the 
pulse band is readily measured and as 
this is inversely proportional to the 
wavelength of the constituent’s X-ray, 
identification can be made. 

Quantitative analysis can be carried 
out when all the detectable constitu- 
ents of the particle have been identi- 
fied. The specimen is scanned by the 
crystal through the necessary range of 
Bragg angles at a rate of 1°/min. A 
full X-ray spectrum is thus plotted 
for the emission from the particle and 
the count rate is registered on a pen 
recorder. 
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New Product Survey 


PLANT: EQUIPMENT - INSTRUMENTS : MATERIALS 





RESISTANT PAINT 
withstands radiation 


A new paint known as Atomicote is now 
in production. This grade is based on 
chlorinated rubber and has been specific- 
ally formulated for use in atomic energy 
establishments and other places where 
isotopes are handled. It has been tested 
and approved by the Atomic Energy 
Research Establishment at Harwell for 
employment where radioactive contamin- 
ation in aqueous or acidic media is likely, 
and is resistant to the decontaminants 
used, such as complexing compounds and 
other acidic solutions. 

Coatings of this paint, which are quick 
drying and can be applied either by 
brushing or spraying, can be exposed to 
| x 108 rads before breakdown occurs. 
On materials such as concrete, cement 
and asbestos an alkali resistant primer 
undercoat is recommended, followed by 
three applications of Atomicote. 

For surfaces of steel and aluminium 
one coat of DSI primer and three appli- 
cations of Atomicote are recommended. 
The aluminium should be degreased and 
etched and steel should be free from 
millscale and should be degreased with 
all corrosion products removed or killed. 
Chemical pre-treatments such as _ phos- 
phating may be carried out. Atomicote 
is available in white and in a range of 
pastel shades for ordinary decorative 
work in nuclear building projects with 
a range of identification colours (British 
Colour Council Pipe Identification 
Colours) for services. 

Tick No 208 on reply card 


ISOTOPE CONTAINER 


internationally acceptable 


A new isotope transport container de- 
signed to conform to the International Air 
Transport Association regulations for the 
transport of high power radioactive iso- 
topes has been produced by Falks. The 
units, approved by the Ministry of Trans- 
port and Civil Aviation under Authority 
AS/41/2/01, are the only type of commer- 
cial containers so far authorized and all 
are completely fireproof. They will take 
the standard Harwell cobalt, iridium, 
thulium and caesium capsules as well as 
the isotope capsules made in Canadian 
or European reactors. One model is fitted 
With suitable cavities to accept the stan- 
dard gamma-radiographic isotope holders 
ol gamma-ray machines with the isotope 
ilready fitted into the holder while the 
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other type is constructed to accept only 
the capsule. The containers are available 
with facilities to carry either one or two 
isotopes and although the outside dimen- 
sions are identical for all units, they 
vary internally according to the load 
which can be from a few millicuries to 
a maximum of 3 curies of cobalt-60 or 
500 curies of caesium-137. 

While the heaviest container weighs 
335 Ib (150 kilos) and the lightest weighs 
only 60 1b (27 kilos) for the same outer 
dimensions, the floor pressure does not 
exceed the allowed maximum for trans- 
port in commercial aircraft and they are 
made so that they can be stacked on top 
of one another to save space. 

Tick No 209 on reply card 


SIMPLIFIED CONTROL 


unit system saves space 


A system of reactor instrumentation by 
Sunvic overcomes the major disadvan- 
tage inherent in most small unit systems 

that of accommodating panel mounted 
meters of reasonable size—by using a 
front panel independent of the units. 
These units are runner mounted in 
trays so that their front plates are 
24in. behind the normal front panel 
position when the trays are in a 19 in. 
rack. From damped arms hinged to each 
tray is suspended a front panel carry- 
ing meters and indicating lamps for all 








Printed circuits and hinged panel 

mounted indicators save space in the 

Sunvic standard unit system for reactor 
control instrumentation 


units in that tray. This front panel hinges 
forward and down to allow withdrawal 
of the units and access to the controls. 
Meters on the lowered front panel are 
visible while the corresponding controls 
on the unit front plates are being ad- 
justed. When the front is locked up in 
position, however, all controls are pro- 


tected from unauthorized adjustment, 
while the meters and indicators remain 
visible. 

Tick No 210 on reply card 


WELDING ELECTRODES 


high impact values 


A new zircon iron powder-coated elec- 
trode has been specially developed by 
Philips for rapid, trouble-free contact 
welding of all mild and low alloy steels 
in downhand, standing fillet and hori- 
zontal-vertical positions. 

The mechanical properties, X-ray qua- 
lities, and the extremely high impact 
values are better than those of conven- 
tional low hydrogen electrodes, and make 
it particularly suitable for nuclear engin- 
eering requirements. 

Tick No 211 on reply card 


DIAPHRAGM PILOT VALVE 


full bore flow 
A range of small }in. three-way pilot 
valves designed by Sinclair Collins Valve 
Co. are now available in the UK. These 
valves are between Sin. and 6}in. in 
height. The small diaphragm area of the 
pilot valve reacts at once to a pneumatic 
impulse, and opens a full jin. bore to 
the flow. They may be used for operat- 
ing cylinders, diaphragms, in conjunc- 
tion with pneumatic timers, or small 
solenoid valves. 
The valves are fitted with composition 





This small diaphragm operated pilot 

valve, designed by Sinclair Collins, 

opens the full } in. bore on receipt of a 
pneumatic impulse 


disks for pressures up to 125 Ib/in?, for 
either hot or cold service, or with O-ring 
seals in a modified design for cold ser- 
vice only for pressures up to 250/375 
lb/in? depending on the medium. 

Tick No 212 on reply card 


SILICONE RUBBERS 


unskilled cold curing 
Cold curing silicone rubbers have passed 
from an experimental to a bulk produc- 
tion basis at Midland Silicones. The ad- 
vantage of these products is that they 
need no heat cure; the addition of a 


123 











small quantity of catalyst converts them 
at room temperature into heat-stable rub- 
bery products. No special equipment or 
skill is needed and shrinkage on curing 
is low. They are suitable for use at all 
temperatures between —50°C and 250°C 
These made in three 
grades: Cold-Cure Silastomer 9159, the 
heavy grade which has the consistency 
of builder’s putty and can be moulded, 
milled or calendered; Cold-Cure Silasto- 
mer 9160, the medium grade which can 
be spread or applied by caulking gun; 
and Cold-Cure Silastomer 9161, the 
liquid form suitable for dipping, injec- 
tion or impregnating. 
Tick No 213 on reply card 


HYDRAULIC MOTORS 


low speed drives 
A range of compact, versatile and highly 
efficient hydraulic motors with variable 
speeds between 0 and 500 rev/min has 
been introduced by Hydrostatic Trans- 
missions. The range will include units 
with torques up to 10,0001b-ft but 
higher output units can be supplied to 
meet requirements. All models 
are available with either stationary shaft 
and rotating crankcase or rotating shaft 
and stationary crankcase. Constant or 
variable delivery pumps can be used to 
drive the motors giving fixed or infinitely 
variable output speeds. The motors can 
be reversed without loss of torque. 
Apart from the two main bearings 
which are taper roller type, all other 
bearing loads are hydraulically balanced, 
allowing operating pressures up to 3000 


rubbers are 


special 





Compact design is a special feature of 
Hydrostatic Transmission’s motors— 
with a diameter of only Yin. this unit 
has an output torque of 90 lb/ft at a 
working pressure of 2000 Ib/in? 


Ib/in?. A feature of the design is the 
complete absence of external high-pres- 
sure seals. 


Tick No 214 on reply card 


SCINTILLATION COUNTER 


all purpose unit 
A new universal scintillation counter, 
Type N664, is being made by Ekco. 
For beta emitters, including tritium and 
carbon-14, a liquid phosphor is used for 
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counting, while for gamma emitters, a 
thallium-activated sodium iodide crystal 
is employed. 

For liquid counting, the lead-shielded 
well is fitted with a shutter/sample 
holder assembly, enabling the sample 
pot to be loaded into the instrument 
while the photomultiplier is covered by 
an interlocked light-tight shutter. When 
the light-tight lid is closed, the photo- 
multiplier shutter interlock is released. 
The sample pot is automatically lowered 
directly on to the photomultiplier face 
when the large lead cover is closed and 
no intermediate glass window is fitted, so 


Both beta and gamma emitters can be 


counted by the Ekco N664 scintillation 
counter which incorporates a combined 
shutter/sample holder assembly 


that the optical coupling between sample 
pot and photomultiplier is as close as 
possible. The sample chamber is shielded 
in all directions by 2:5 cm of lead. 

For gamma counting, the sample may 
be prepared in a test-tube, a polythene 
annular container or a 50 ml flat beaker. 
It can then be counted in a well, with 
a small crystal or a I4in. dia. crys- 
tal respectively. The shutter assembly 
used for liquid counting is replaced by 
a top-plate assembly on which the crys- 
tals are mounted. Lifting the counter- 
balanced lead lid exposes the crystal for 
sample changing. 

Tick No 215 on reply card 


TUBE CUTTER 


automatic operation 
An automatic tube cutting and screwing 
machine, the RG-Auto, introduced by 
Nevilles, will cut, bevel and thread tube 
from jin. to 4in. diameter cleanly and 
free from burr. Parallel or taper threads 
to all British and foreign standards can 
be dealt with and specimen threading 
times are lin. 20 secs, 2in. 40 secs, and 
4 in. 2 mins. 
No resetting of the tubing is required 
when changing from cutting to thread- 
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The RG-Auto 


tube cutting, bevellin 
and screwing machine may be driver 
either by electric or petrol motors fo 
use on sites. A similar unit is availabl: 
bench-mounted for permanent use 


ing, or vice versa, and only very min 

adjustments are necessary to the machine 
when changing from one thread to 
another. The completely automatic oper- 
ation eliminates any danger of overloac 

ing the milling hobs. 

Tick No 216 on reply card 


IN BRIEF 


Improved flow metering has bee! 
achieved by Honeywell Controls by fit 
ting a Viton-coated diaphragm, in place 
of the previously used Fluon-coating, in 
their differential converter transmitters 
The new diaphragm provides better long 
term stability of measurement and higher 
stability under varying temperatures. 
Tick No 217 on reply card 

Marlex rigid polyethylene introduced by 
Phillips Chemical, combines low electri- 
cal loss properties and physical tough- 
ness which are said to be unique in the 
plastics field. 

Tick No 218 on reply card 

Smaller pH meters which occupy 60° 
less panel area than the earlier standard 
industrial pH meters are now available 
from Electronic Instruments, Operating 
characteristics and accuracy remain the 
same. 

Tick No 219 on reply card 

New Dexion accessories have been intro- 
duced for use with their standard slotted 
angle. They are a T-section plastic foot 
and a 4in. rubber castor. 

Tick No 220 on reply card 

New photoconductive cell for use in 
light-operated relays has been introduced 
by RCA Great Britain. This component, 
RCA-7536, is a small, cylindrical, side-on 
cadmium sulphide type and has a spec- 
tral response range of approximately 
3300-7400 angstroms. 

Tick No 221 on reply card 

Ceramic magnetic material, known as 
Indox VI, has been developed by Indiana 
Steel’s research laboratories. By virtue 
of higher coercive force than previously 
available, substantial savings in both 
material and space can be effected in 
microwave equipment. 

Tick No 222 on reply card 
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‘NDUSTRIAL 
NEWSDESK 


Plessey out of the red 


ihe burst slug detection gear com- 
ponents for the Trawsfynydd station are 
to be supplied by Plessey Nucleonics 
Ltd. under contract to companies of the 
APC group. This equipment will be 
similar to that already designed for a 
number of UK installations and planned 
for the Latina power station. Following 
the experimental rig installed at Harwell 
about twelve months ago, Plesseys are 
now manufacturing b.s.d. equipment for 
a number of heavy water research reac- 
tors at home and abroad. They expect 
to receive soon a major contract from 
the Danish Atomic Energy Commission 
for the b.s.d. system on the Pluto-type 
MTR at Riso. 

With so many installations fitted or 
being fitted with their b.s.d. system, Ples- 
sey has now reached a stage where de- 
velopment costs have been covered and 
normal commercial balance resumed 
one of the few UK organizations not ‘in 
the red* on their nuclear activities. 


Nuclear servicing vessel 

The shipside nuclear servicing vessel at 
present under construction at the Todd 
Shipyards for the US Maritime Admin- 
istration is to be used in maintenance, 
refuelling and waste handling operations 
for the NS Savannah and other nuclear- 
powered ships. 

The dimensions of the vessel are: 
length overall, 129 ft, beam, 36 ft and 
depth, 14 ft with a draft designed WL 
of 6 ft. The vessel will meet the ABS 
and United States Coast Guard require- 
ments for a Short Coastwise Service 
classification. 

The vessel will be a non-propelled 
type of general scow or barge character- 
istics with raked bow and stern. 

The main hull and deckhouse will be 
constructed out of steel with a. longitu- 
dinal framing system being used in the 
hull. An inner bottom will be fitted for 
the whole length between the fore peak 
and aft peak bulkheads. The main deck 
will be complete forming the strength 
deck with a deckhouse running for 
approximately 75% of its length. An 
operations centre will be fitted on top 
of the deckhouse at the after end whilst 
at the forward end of the deckhouse a 
diesel powered revolving crane with a 
50 ft boom and a 10 short ton capacity 
it 35 ft radius will be mounted on a fixed 


| 
dase. 
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The vessel will be fitted with a dis- 
posal system for accepting radioactive 
materials as well as space and equip- 
ment for radiation safety control of the 
servicing operation, decontamination of 
equipment and environmental surveys of 
the servicing area. Provisions have been 
made to provide space for the future 
installation of an expended fuel element 
storage pit. 

Water, electricity and compressed air 
for the barge will be obtained through 
dockside connexions. A ventilation sys- 
tem will provide a filtered and heated air 
supply to all uncontaminated spaces of 
the barge and a filtered and monitored 
exhaust from all contaminated areas. 

The completion of the vessel is sche- 
duled for February 1960, with delivery 
to be made to Camden, New Jersey. 


Six expand 


Over the past month six major organiza- 
tions closely concerned with nuclear en- 
gineering in the United Kingdom have 
extended their activities. The Power Gas 
Corporation Ltd. has transferred all en- 
gineering activities to two wholly owned 
subsidiaries, Ashmore, Benson, Pease & 
Co. Ltd. and a new organization, P. G. 
Engineering Ltd. This latter company 
will undertake the design, supply and 
erection of plant and equipment for the 
nuclear energy, chemical and other in- 
dustries. 

Electropol Processing Ltd. are extend- 
ing their works for the fourth time since 
1952. This company which introduced 
the electro-polishing of metals, especially 
stainless steel, now handles a large num- 
ber of items that have to be cleaned in 
accordance with the AEA’s §specifica- 
tions. 

At the Ilkestone Works of the Stan- 
ton Ironworks Co. Ltd., a new ore pre- 
paration plant has been brought into 
operation. The installation is designed to 
process between 25,000 tons and 30,000 
tons per week and will enable reserves 
of home ore to be used which previously 
were unsuitable. This company has sup- 
plied piping and bends to several of the 
nuclear power stations and, most re- 
cently, has received contracts for the 
Trawsfynydd project. 

Developed from their aeronautical 
activities, de Havilland Propellers Ltd. 
have initiated a new System Engineer- 
ing Group. This will place particular 
emphasis on the design and supply of 
integrated systems for the automatic con- 
trol of industrial processes. As well as 
nuclear applications, the group is inter- 
ested in chemical and petroleum engin- 
eering. 

As a result of the steadily increasing 
demand for aeration, filtration and fluid- 
izing equipment, Aerox Ltd. have had to 
acquire a much larger factory for their 
engineering section. This is located at 





Chalford, Stroud, Glos., and it will be 
engaged on the manufacture of all forms 
of equipment incorporating porous cera- 
mic filter elements. 

Murex Welding Processes Ltd. have 
purchased the whole of the issued shares 
of Donald Ross & Partners Ltd., of 
Crawley, who specialize in the design 
and manufacture of mechanical aids for 
hand and automatic welding. This will 
enable a complete welding service to be 
available to industry. 


Radiation costs cut 


By changing over from 3-30cm S-band 
to longer L-band wavelengths, Applied 
Radiation Corporation, ARC, are now 
producing linear accelerators which will 
reduce the operating costs of a radiation 
facility to less than one-quarter of their 
present level. Already three institutes, 
Yale University, Renselaer Polytechnic 
Institute and the University of California 
Radiation Laboratory at Livermore, have 
placed contracts for this type of equip- 
ment and installation is scheduled to be 
completed during 1960. 

An important feature in the develop- 
ment of these L-band accelerators is that 
‘pulse shortening’ has been eliminated 
and enables much higher power levels 
to be achieved. ARC say that increased 
reliability and lower maintenance costs 











SERIES PRODUCTION. Several b-.s.d. 


monitors are being made by Plessey 
Nucleonics for the German FR-2 Kern- 
reactor at Karlsruhe. Above is the rear 
of one of the timing units with cover 
doors removed. In another part of the 
works, below, b.s.d. precipitator units 
for Hinkley Point are being assembled 
on a line basis, in the clean oven 
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stem from the longer service life of com- 
ponents—for example, the L-band kly- 
stron, one of the most costly items, has 
a guaranteed filament life of 4000 operat- 
ing hours against the present. best equiva- 
lent S-band item of 1000 hours. Design 
and costs have been based on the use of 
a one section, 14 MeV (8 kW at 10 MeV) 
machine for production processing and 
which costs approximately $170,000, but 
further economy can be achieved by 
‘clustering’ a number of accelerating 
tubes 


American know-how in UK 

The Relay Division of Elliott Brothers 
(London) Ltd., are now making mer- 
cury wetted contact relays under licence 
from the Western Electric Company Inc 
of New York. These are used for switch- 
ing in transistorized circuits, in comput- 
ing, sorting and tabulating machines, in 
servo-mechanisms and as relay ampli- 
fiers. The relays have a life expectation 
of 10° operations, at speeds of operation 
of up to 3 milliseconds and the consist- 
ency of operation is said to be within 
one per cent of the minimum operating 
current. 

Powell Duffryn Engineering Co. Ltd., 
has been appointed the licenced manu- 
facturer for the UK and Europe of the 
complete range of Dempster-Dumpster 
container vehicles and equipment for the 
handling of process and waste materials. 
These are mounted on standard com- 
mercial road vehicles and the range con- 
sists of four sizes of vehicles with a large 
number of different types and sizes of 
containers. 

Pressure sensitive instruments are to 
be made in a new department set up by 
Wallace & Tiernan Ltd. These will in- 
clude indicators, gauges, differential pres- 
sure indicators and control instruments; 
they have been produced for many years 
in America by Wallace & Tiernan’s asso- 
ciate company. All the instruments will 
be precision manufactured and _indivi- 
dually calibrated. 

A new company, BICC-Burndy Ltd., 
has been formed by British Insulated 





PROGRESS IN BELGIUM. The steel 
containment shells for the BR2 and 
BR3 reactors, under construction at Mol, 
have recently been completed. Subse- 
quent pressure testing at 17 |Ib/in? and 
64 Ib/in® respectively, utilizing three 


Atlas Copco portable air compressors 
and coolers for eighteen hours was suc- 
cessfully carried out 















Callender’s Cables Ltd. and the Burndy 
Corporation of Norwalk, Conn., to make 
the existing range of products of the 
American company. Production to US 
standards will commence in January 
1960, and among the items will be 
forged copper line tap, the design of 
which is new to Britain. 


Atomic power on show 

During the first week in October, the 
CEGB held an exhibition at Ttaws- 
fynydd, emphasizing the part to be 
played by nuclear power in satisfying the 
long term increase in electricity demand. 
Models illustrated the main developments 
in Wales: Trawsfynydd, 
pumped storage at Ffestiniog and hydro- 
electric at Rheidol. 

At a recent Open Day at Brighton 
Power Station, the CEGB showed a 
model of Berkeley power station and 
the AEI Group exhibited a model of 
Zeta. 

Early in September, the Nuclear Power 
Plant Co. took part in the Swedish St. 
Eriks Fair at Stockholm and presented 
models of a complete nuclear power sta- 
tion together with related components 
such as fuel elements, grabs, and graphite 
components. General Radiological Ltd. 
was also at the Fair and displayed 
nuclear instrumentation. Elliott Nucle- 
onics held an exhibition in London be- 
tween September 28-30 for their new 
and comprehensive range of transistor- 
ized reactor control instruments, indus- 
trial process instruments and 
mechanical control equipment such as 
that for flux scanning and the control 
rod mechanism for the AaGR at Wind- 
scale. 


AEC frees Lithium-7 


The United States AEC is now making 
almost pure Lithium-7 available for 
commercial applications. Small quantities 
have been available for several years and 
because of its low degree of neutron ab- 
sorption, it and its compounds have 
proved useful as a coolant and coolant- 
water anti-corrosion additive in reactors. 
It is anticipated that sufficient quantities 
of enriched Lithium-7 will be produced 
for large scale applications. Prices depend 
on the degree of enrichment and are 
$120 per kilogram for lithium contain- 
ing 9999 atoms of Li-7 to 1 atom of 
Li-6; $107 for 99-98% enrichment; and 
$100 for 99-97% enrichment. 


nuclear at 


control 


Dowty quitting ? 

After reviewing the nuclear power station 
potentiality, Dowty Group Ltd. has de- 
cided that the future will almost cer- 
tainly continue to be adversely affected 
by the increasing utilization of oil and 
high coal stocks, both at home and 
abroad. As the technical investment in 
the nuclear industry and the sales to date 
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PUMPS BIG AND SMALL. The new 
works of J. H. Carruthers & Co. Ltd. at 
East Kilbride have been designed to 
handle all sizes and types of pumps up to 
25 tons in weight. Services provided 
include those for the pressure testing 
of castings and full pump testing equip- 
ment for outputs of up to 2000 tons of 
water per hour 





have been small compared with othe: 
businesses of the Dowty group and the 
potential no longer appears to justify 
even this comparatively small technical 
effort, the facilities at Brockhampton 
Park are to be diversified. Development 
of new and more promising projects will 
be expedited. 

Dowty Fuel Systems Ltd. will carry 
on the design and manufacture of sealed 
gas lubricated circulators and compres- 
sors and Dowty Seals Ltd. will continue 
the design and manufacture of seals for 
the nuclear industry. 


Getting into Europe 


Martonair Ltd. have formed a new com- 
pany Martonair S.A.R.L. in France. It 
will be at Montreuil (Seine) and will 
undertake the manufacture under licence 
of a large range of pneumatic equip- 
ment for the Common Market countries. 
A new subsidiary company, Universal- 
Matthey Products (Deutschland) GmbH 
has been formed in Cologne by Univer- 
sal-Matthey Products Ltd. The initial 
activities of this company will be the 
manufacture of platinum catalysts for 
processing plants in Western Germany 
and the rest of the Common Market. 


Improved standards 


Introducing the BSI’s annual report, Mr. 
Huffam, the President, has referred to 
the 1000 projects for new or revised 
British Standards now under way. In 
engineering, coordination and rationaliza- 
tion was proceeding on the steel and 
non-ferrous metal standards. Those for 
alloy steel and aluminium pressure ves- 
sels were being revised and special atten- 
tion was being given to the possibility 
of reducing some of the factors of safety 
which had been criticized as being too 
high. The BSI has been asked by the 
Commonwealth Standards Conference to 
tabulate the various standards for steels 
used in pressure vessels so that the equi- 
valent standards could be established. 
At the Conference, held last Septem- 
ber in Ottawa, it was proposed that a 
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FURTHER ADVANCE REACTOR DESIGN... 





ROLLED TO 2-MIL FOIL WITH 95% RECOVERY 


Another example of 
M&C’s technical 
skills in the 


nuclear industry 


To advance reactor design, better data on U?%> cross sections were needed. 
Transmission measurements using a neutron beam from the Brookhaven reactor 
required uniform 2-mil foils of extremely high enrichment. Requirements de- 
manded that it be rolled from a broken Uranium button weighing 42.19 grams. 


It was a breathtaking responsibility, and a demanding test of technical com- 
petence. Just how we did it is top secret at M&C. The point is, we rolled the foil 
within tolerances of +0.00025 inches and recovered over 95% where every gram 
was worth a king’s ransom. 


Here is demonstration again that M&C Nuclear has the experience, engineering 
know-how, and manufacturing facilities to justify your confidence in M&C as 
a supplier of fuel elements, core components, and complete cores. A new bulletin 


is available. Write for your copy today to M&C Nuclear, Inc., P. O. Box 898, 
Attleboro, Massachusetts. 


NUCLEAR, INC. 


A SUBSIDIARY OF TEXAS INSTRUMENTS INCORPORATED 








The World’s Largest Privately Owned Facility Designed Specifically for Fabrication-Development 
and Production of Fuel Elements, Core Components and Complete Cores. 
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basic code to cover welded pressure ves- 
sels generally, rather than separate spe- 
cifications for particular end uses, was 
recommended and the Canadian authori- 
ties are now preparing a draft of such 2 
code. 


UK accelerator exports 
A 4-MeV linear accelerator for X-ray 
treatment is being built by Mullard 
Equipment Ltd. for the Cancer Institute 
Board of Victoria, Australia. Valued at 
£60,000, it will be installed at the Board’s 
Peter MacCallum Clinic in Melbourne in 
the middle of next year and this con- 
tract represents the fourth medical linear 
accelerator to be built by the Company, 
the first three going to UK hospitals. 

The accelerator will give an X-ray out- 
put more than ten times greater than 
that of a normal, 25 kilovolt therapy 
machine, and will enable treatments to 
be given at the rate of 60 a day—about 
three times the number possible with the 
conventional apparatus. 

The higher voltage rating of the 
accelerator also produces an X-ray beam 
of greater penetration, making it possible 





SWISS COME TO ENGLAND. The 
CERN Health Physics Group have de- 
signed a special survey trolley for moni- 
toring the Centres’ 50 MeV accelerator 
and 600 MeV synchrocyclotron. Mounted 
on top of the trolley, which is entirely 


self-contained, are two Vibron dose 
ratemeters, made by Electronic Instru- 
ments Ltd. of Richmond 





to reach tumours seated too deep for 
effective treatment with conventional 
machines. Damage to the patient’s skin, 
which can be a serious problem when 
low-voltage X-rays are used, is virtually 
eliminated, and there is less side-scatter- 
ing of the beam during its 
through the body. 


Training in Canada 

The first course in the newly established 
Chalk River Reactor School will begin 
on February 1, 1960, when 20 students 


passage 
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start a 12-week programme. Admission 
is open to both Canadian and foreign 
scientists and engineers and has been 
formulated so that it does not duplicate 
instruction being given by universities. 
It aims at giving a thorough understand- 
ing of the design, construction and oper- 
ation of nuclear reactors and places spe- 
cial emphasis on power reactors moder- 
ated with heavy water and fuelled with 
natural uranium, such as the 20 MW 
NPD and the 200 MW Candu. In addi- 
tion, instruction will be given on the 
research reactors, NRX and NRU at the 
Chalk River establishment of Atomic 
Energy of Canada Ltd. 


Uranium in the US 

The growth of the American uranium 
industry from 1943 up to the present 
time is shown by the AEC’s recent de- 
classification of all data on U,O, pro- 
duction and procurement before July 1, 
1955. The combined total of US concen- 
trate deliveries include purchases made 
by the Manhattan Engineer District dur- 
ing and directly after the war. 


TONS OF U; Os 





FINANCIAL 

YEAR Domestic Foreign Total 
1943-1947 1440 10,150 11,590 
1948 110 1960 2070 
1949 120 1960 2080 
1950 320 2740 3060 
1951 630 3050 3680 
1952 830 2830 3660 
1953 990 1910 2900 
1954 1450 3240 4690 
1955 2140 3800 5940 
1956 4200 6240 10,440 
1957 7580 8580 16,160 
1958 10,250 16,130 26,380 
1959 15,160 18,170 33,330 


It is anticipated that during 1960 and 
1961 production from American domestic 
equal or imports 


sources will exceed 


from overseas. 


How thin is it? 
A member of the United Kingdom 
Atomic Energy Authority has devised 
an ingenious method of testing the in- 
sulation of an electric cable on a con- 
tinuous basis, using radioisotopes. In the 
device, which has been patented, radia- 
tion from two isotope sources is split 
by lead blocks into two slightly diver- 
gent pairs of thin beams. These form a 
frame of radiation in the centre of which 
is the conducting wire of the cable. As 
long as this remains in the middle of the 
frame while the cable moves through 
the device, the intensity of the four 
beams emerging from the cable will re- 
main the same, since they will be pass- 
ing through appreciably equal thicknesses 
of the insulating cover material. 

When there is a thin spot in the cover- 
ing material, that is to say, the wire core 
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BIGGER AND BIGGER. At Boreham 
wood, Printed Circuits Ltd., a company 
within the AEIl Group, have recently 
installed automatic equipment whict 
can process printed circuit boards a: 
large as Sft by Sft. The one showr 
has 1100 separate circuits incorporating 
inductors 





moves to one side, one or two of the 
beams will be affected since the metal 
will have a different degree of absorp 
tion of the radiation. Using detectors to 
pick up the emergent beams, they will 
indicate this change. in intensity and can 
be so linked as to show on which side 
the thinning occurs. 


MAN gets going 

A new neutron diffraction plant has 
been commissioned at their Garching re- 
search centre near Munich by the Insti- 
tute for Applied Physics of the Techni- 
cal University of Munich. Designed by 
the university in cooperation with the 
Augsburg Works of MAN, it can be 
adapted to suit any type of reactor; thus 
the drive provides for automatic scan- 
ning in very small steps, up to 5 arc 
min, and the counting tube moves 
through an angle of 130° within an 
adjustable preset time period which may 
be as much as one month. To achieve 
the required accuracy in operation, it 
has been necessary to apply instrument 
engineering tolerances to many of the 
components. The rotary personnel shield- 
ing fitted to the equipment weighs 24 
tons. 


Computers on nuclear work 

The Short computer, No. 58, which was 
exhibited at the Rome Exhibition has 
now been transferred to the National 
Committee for Nuclear Research, where 
it is being used in heat exchange prob- 
lems and other work connected with re- 
actor design. 

The data logging and digital display 
equipment for the UK Atomic Energy 
Authority’s Winfrith Heath establishment 
has been supplied by Blackburn Elec- 
tronics. 

The first two production models of 
Solartron Electronic’s new ‘Space 30’ 
analogue computer have been ordered 
by the British Thomson-Houston Co. 
Ltd.; when installed, they will be used 
in the analysis of complex control prob- 
lems. 
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Manipulators 


The mar ilators used at at ic establish- 
ments have to ate under exacting condi- 
tions. They are constructed of stainless steel 
d Kar plated aluminium and the plate 
fun ns. It resists corrosion and, 
100thness of the finish, it also 
ontamination of the component 
radio-active material; and the com- 
less steel and Kan n plated 
duces the electro potential differ- 
en the component parts. These 
rs, manufactured by Savage & 
Ltd., are supplied to users all over 
d. Ka en is used on the aluminium 
the Tong End assembly and the Maser 
d assembly. 
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Kanigen 


A HARD 
& CORROSION 
RESISTANT 
a Oe 


KANIGEN is a nickel-phosphorus plate deposited 
by chemical reduction: thickness can be con- 
trolled to fine limits and is of complete and 
uniform coverage. 


PROPERTIES: 
Composition 92% Nickel 

8°. Phosphorus 
Melting point 890°C. 


Electrical 60 microohm cm. 
1esistivity 


Hardness 500—1,000 V.P.N. 
according to heat 
treatment 

Coverage Extremely uniform 


Kanigen can be applied to all ferrous metals, 


aluminium, copper and brass. The plating plant 
at Oldbury has now been extended, two extra 
plating tanks are in operation and enquiries for 
jobbing plating are welcomed. Full information 
is available on request, 


Albright & Wilson 


(MFG) LTD 
Kanigen Department 
I KNIGHTSBRIDGE GREEN * LONDON SWI 


Kanigen is aregd. trademark of Albright &WilsonLtd 


cantina 
raw 621 \ KANIGEN 
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pipe fittings required for nuclear power 
stations is this 70° bend made by Clay 
Cross (Iron & Foundries) Ltd. Having 
an internal diameter of 84in., it weighs 
approximately 11 tons 





. 
More patents available 

At the end of September, the US Atomic 
Energy Commission released details of 
78 recently issued patents held by them. 
They are now available for public use 
and the AEC will grant non-exclusive, 
The move is part 
of the programme to make unclassified 


royalty-free licences 


information generally accessible for use 
by industry. This batch brings to a total 
of 2022 the number of AEC-held patents 
released for licensing. 


P 
Seeking new export outlets 

Two directors, R. A. Bent and R. J. F 
Howard, of Lancashire Dynamo Elec- 
tronic Products Ltd., are making a tour 
of Australia and the United States where 
they are having discussions on the manu- 
facture of their company’s products in 
those countries. 

Mr. P. A. Charlesworth, a director of 
Electropol Processing Ltd., made an ex- 
tensive tour of the US at the beginning 
of October. Main objects of the visit 
were technical liaison, exchange of in- 
formation and reciprocal sales promo- 
tion for the Electropol 
polishing stainless steel; included in this 
programme were discussions with the 
Battelle Development Corporation. 

Evershed & Vignoles Ltd. have exten- 
ded their Canadian activities by the for- 
mation of a new company, known as 
Evershed-Powertronic Ltd. This firm will 


process for 


operate from Toronto an dprovide a 
complete service for the installation of 


automatic electronic control equipment. 


In brief 

Industry’s first. The US Atomic Energy 
Commission has awarded the first nuclear 
research contract to an industrial labora- 
tory to Lockheed Aircraft Corp, This is 
for basic studies on the properties of 
atomic nuclei 
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MASSIVE CASTING. Typical of the large 


More plutonium. The construction of a 
commercial facility for Nuclear Materials 
& Equipment Corp. (NUMEC) for the 
processing of plutonium-based fuels 
started at the end of September, Located 
in the Kiski Valley, Pa., this establish- 
ment will initially be engaged on an 
AEC $M24 programme of development, 
estimated to take 34 years. 

Cheaper controls. Elcontrol Ltd. have re- 
duced the prices of all the probe fittings 
and certain control units in their range 
of electronic level measuring equipment. 
Fuel for Dresden, Mallinckrodt Nuclear 
Corp. has shipped nearly 200,000 lb of 
enriched uranium dioxide powder to GE 
for pelletizing and canning for use in the 
180 MW BwR_ under construction at 
Dresden, III. 

New EDA film. ‘Industrial Electric 
Heating” is the title of a new film avail- 
able from the British Electrical Develop- 
ment Association. In colour, it covers a 
very wide range of industrial applica- 
tions. 

Fifty up. The Gas Atmospheres Division 
of the Incandescent Heat Co. has now 
installed or has under construction fifty 
nitrogen plants with capacities ranging 
from 500 to 32,000 scfh. 

Prices reduced. Since the beginning of 
October, prices of all English Electric 
mild steel arc welding electrodes have 
been cut by five per cent. 

International know-how. Romeike & 
Curtice Ltd. have extended their press 
cutting services to include a wide range 
of technical journals from most overseas 
sources. 





Electronic Associates Inc. By a printer’s 
error the words ‘an AEI company’ 
appeared at the foot of Electronic Asso- 
ciates Inc. advertisement on p. 135 of 
the October issue. The Editor regrets 
any inconvenience caused. 


LOOKING 
AHEAD 


MONDAY 2 NOVEMBER 


Electrification of the UKAEA _ Industrial 
Group Factories J. W. Binns and W. J. 
Outram, MEng, Institution of Electrical 
Engineers 6.00 at the James Watt Memorial 
Institute, Birmingham 





Nuclear Propulsion of Ships R. P. Kinsey 
Institute of Marine Engineers 6.00 at Liver- 
pool Engineering Society, The Temple, Dale 
St, Liverpool 

THURSDAY 5 NOVEMBER 

The Application of Irradiation in Industry 
M. C. Crowley-Milling. MA, Institution of 
Electrical Engineers 5.30 at Savoy Place, 
London, WC2 

TUESDAY 10 NOVEMBER 

dtomic Energy K. Maddocks, BSC, Insti- 
tute of Marine Engineers 7.15 at East Ham 
Technical College, Barking Rd, London, E6 
THURSDAY 12 NOVEMBER 

A Review of Work towards Nuclear Energy 
from Controlled Thermonuclear Reaction 
D. W. Fry, MSc, Institution of Electrical 






















Engineers 6.00 at Conference Room, SV &<B 
Showrooms, The Kingsway, Swansea 
Nuclear Power Cmdr. F. A. Walker, V 
RNR, AMIMechE, AMIEE, MinstF, [| 
tution of Plant Engineers 7.15 at the S-ot- 
tish Building Centre, 425/427 Sauchiehal! St, 
Glasgow 

Submersible Pumping Plant H. H. An 
son, BSc, and W. G. Crawford, BSc, I: 
tution of Electrical Engineers 5.30 at Savoy 
Place, London, WC2 

MONDAY 16 NOVEMBER 

Electrification of the UKAEA Indust;‘a 
Group Factories J. W. Binns and W. J 
Outram, MEng, Institution of Electri:a 
Engineers 6.45 at Angel Hotel, Brigg 


me 
T°. 


So. 


a. 


WEDNESDAY 18 NOVEMBER 
To what extent should design wait on 
search for Nuclear Power Plant? (Discussica) 
Institution of Mechanical Engineers 6.00 at 
1 Birdcage Walk, London, SWI 
Nuclear Power—the 20th Century South § 
Bubble K. L. Stretch, MA, LIB, AMIEE, 
Bradwell Engineering Society 6.15 at the 
Staff Ranch, Bradwell, Essex 
THURSDAY 19 NOVEMBER— 

WEDNESDAY 2 DECEMBER 
The Building Exhibition, Olympia, Londor 
FRIDAY 20 NOVEMBER - 
Atoms and Molecules Sir Lawrence Bragg, 
OBE, MC, DSc, FRS, MRI, The Royal 
Institution of Great Britain 9.00 at the 
Royal Institution, 21 Albemarle St, London. 
wi 
WEDNESDAY 25 NOVEMBER 
The Effect of Nuclear Radiation on Engin- 
eering Materials Prof. A. H. Cottrell, BSc 
PhD, FRS,_ Institution of Mechanica! 
Engineers 6.00 at 1 Birdcage Walk, Lor 
don, SWI 
FRIDAY 4 DECEMBER 
Nuclear Magnetic Resonance (Discussior 
Institution of Electrical Engineers 6.00 a 
Savoy Place, London, WC2 





TUESDAY 8 DECEMBER 

Instrumentation of the Dounreay Reactor 
K. R. Sandiford, BSc, the Society of Instru 
ment Technology 6.45 at the Manchester 
Room, Central Library, St Peter's Sq, Man 
chester, 1 

TUESDAY 15 DECEMBER 

Data Handling Problems in Atomic Installa- 
tions (Discussion) Institution of Electrical 
Engineers 5.30 at Savoy Place, London, 
Wwc2 

MONDAY 4 JANUARY—FRIDAY 29 APRIL, 1960 
No 20 Harwell Reactor Course. Applica 
tions to the Principal, Reactor School 
AERE, Harwell, Didcot, Berks 


LOOKING FURTHER AHEAD 

1—12 FEBRUARY, 1960 

Third Harwell Reactor Control and Instru 
mentation Course. Applications to the Prin 
cipal, Reactor School, AERE, Harwell. 
Didcot, Berks 

5—9 APRIL, 1960 

Ninth Electrical Engineers’ Exhibition at 
Earls Court, London 

25—30 APRIL, 1960 

Fourth Production Exhibition at the Nationa! 
Hall, Olympia, London 

9—20 May, 1960 

Special Harwell Course for Senior Techni- 
cal Executives. Applications to the Principal. 
Reactor School, AERE, Harwell, Didcot, 
Berks 

10 apRiL—21 May, 1961 

Seventh Commonwealth Mining and Metal- 
lurgical Congress. Applications to the Con- 
gress Manager, 5 Hollard St, PO Box 809, 
Johannesburg, South Africa 
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wil Thermocouple Trip Amplifier 
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EE. SPECIFICATION 


Operational Trip Setting. 0-250°C. 
Trip Margin Meter Indication. Up to 100% of trip temperature. 


‘Low-Margin’ Trip. May be set anywhere within the available 








don trip margin range. 
Ags, Trip Accuracy. 0.4%, of trip temperature. This accuracy is 
val maintained if the range is extended above 250°C. 
ha ‘Low-Margit:’ Trip Accuracy. Better than 2% of the meter 
_ range. (Accuracy limited because the meter is used for setting). 
Hysteresis and Stability of Both Trips. 2°, of meter range. 
.S Input Signal Required. 40 pV/°C. 
ica Thermocouple Earthing. Can be at either terminal or at the 
or hot point. (The amplifier is isolated from earth). 
Stability. Cold junction compensation ensures that perform- 
ince remains within the limits specified up to 40°C. ambient 
or | temperature, Performance is unaffected by mains variations of 
lo 
Thermocouple Resistance. Up to 250 ohms for perform- 
ince specified. Up to 500 ohms for ambient temperature (‘cold 
~ junction’) up to 30°C, 
iru 
ste! Response Time. Less than 0.2 seconds. 
an . ° ° ° 
Recorder Output. A 100 mV recorder can be driven to indicate 
the meter reading at an impedance of 100 ohms. 
lla Dimensions. Front panel 4” wide x 8}” high. Depth 13”. 
ical . an — 
0-120 » 200-250 .C., 45/60 e/s. 
“ Mains Input. 110-120v or 200-250v A $560 ¢ Type N642 A 
Mains Consumption. 20 watts approximately. 
I60 
Ca 
ol 
The Ekco range of reactor instruments also includes the following :— TU = 
Reactor Period Meters with alternative ranges. Effluent Monitor. : 
Reactor Power Error Meter. Battery Box Assemblies. 
ru m - . . ° ° ~ ° ° 
Resistance Thermometer Trip Unit. Logarithmic Gamma Health Monitor (installed). 
oll. Shut-Down Amplifier (with start-up facilities and Slow Neutron Survey Meter (portable). 
shut-down state trip). Beta-gamma Survey Meters (portable). 
al Fast Neutron Monitor (installed). Decade Voltage and Current Generator (general 
Misalignment Indicator (for coarse control arms.) purpose test unit). 
sal Leak Indicator (for external heavy water leak). Reactor Period Meter Test Unit. 
ni- 
al, 


: @) EKCO ELECTRONICS LIMITED 


SOUTHEND-ON-SEA - ESSEX - Telephone: Southend 49491 
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They said... 


points from papers, speeches, conferences 





IAEA talks power 


The International Atomic Energy 
Agency’s third General Conference in 
Vienna, at the end of September, clearly 
established the importance of the Agency 
as a world authority concerned with 
power production. (See this month's 
Worldview.) Mr. Sterling Cole, the 
Director General of IAEA said in his 
opening address that although there did 
not seem to be any doubt whatever that 
nuclear power would increasingly supple- 
ment conventional power sources, there 
had been a marked revision in the esti- 
mate of the time factors involved. These 
comments were equally applicable to 
location, capital and operating costs. 

In Europe, said Mr. Cole, the break 
even date for nuclear power and conven- 
tional power was being retarded by the 
combined effects of the stabilization of 
coal prices, improved efficiency in con- 
ventional stations and the increased costs 
of nuclear plants. In the Far East, with 
its higher population density, the need 
for power from nuclear sources was be- 
coming increasingly urgent. The Agency’s 
preliminary studies had shown, he went 
on, that ‘the economics of power gen- 
erally favours large-size installations and 
there is even now the prospect that the 
Agency will be involved in relatively 
large nuclear power projects—perhaps 
as early as next year.” The Agency was, 
at the same time, giving serious attention 
to the technical and economic possibi- 
lities of small and medium sized power 
reactors, particularly for use in less deve- 
loped regions. ‘The production of 
nuclear power, said the Director Gen- 
eral,’ is immensely complicated and in- 
tricate and might best be approached on 
a situation-to-situation basis.” 


No generalizations for India 

During the subsequent public discussion, 
Dr. Homi J. Bhabha of India, said that 
a number of factors were in operation 
in his country which negated ‘all the 
generalizations which one might expect 
to be true about the applicability of 
atomic energy in under-developed areas.’ 
Among these were the comparatively 
small reserves of coal and its concentra- 
tion in a few areas, its transport over 
long distances and the resulting strain 
on the country’s transport system. He 
emphasized that new investment in rail- 
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ways that were needed for coping with 
the problem of coal transport should be 
taken into account in nuclear power 
economics and that the interest on capi- 
tal investment in under-developed coun- 
tries should not be over-estimated as has 
been done by some economists. Dr 
Bhabha said the capital investment re- 
quired by nuclear power, in India. was 
quite comparable with that for hydro 
projects and was not much higher than 
the national investment required for 
thermal power at places remote from 





HOMI J. BHABHA 
water as costly 


coalfields. ‘Bearing in mind” he con- 
tinued, * our limited reserves of coal and 
hydro power, which are enough only to 
see us through the expansion of the 
next ten or twenty years, it is clear that 
an important beginning with nuclear 
power has to be made now.’ To imple- 
ment this policy, India had already be- 
gun design work on a prototype heavy- 
water-moderated and natural uranium- 
fuelled power plant of approximately 
1S MW capacity and had decided to go 
ahead with the construction of a 250 MW 
unit. (See Worldview last month.) 

From further east, Mr. Hui Huang 
said nuclear power would be indispens- 
ible to Formosa in about ten years. De- 
mand for electrical power was growing 
by some twenty per cent per year and 
both hydro and thermal sources were 
limited. 


Japan must have it 

Japan, said Dr. Ryokichi Sagano. 
attached vital importance to the use of 
nuclear power. Without it, population 


pressure and limited natural resourc:s, 
together with increased industrial 
mand, would make the outlook * d: rk 
if not despairing.’ While Japan, he w nt 
on, had made important progress in © e 
nuclear field, it still lagged ten or move 
years behind the more advanced coun- 
tries. But in the course of the next four 
or five years, Japan might ‘be able o 
run with the advanced countries’ as {ar 
as its nuclear industrial potential and 
technologies were concerned. 


° * 
Uranium cheaper still 

Referring to the general situation 
Europe and especially in the Unitec 
Kingdom, Sir John Cockcroft said the 
date and rate at which nuclear pow 
stations will become competitive woulc 
depend very much on reducing unit cay 
tal costs. In Great Britain, these have 
been reduced by thirty per cent over the 
past three years. Looking to the future 
Sir John said that technological deve- 
lopments such as higher operating tem- 
peratures should, by 1966, further reduce 
the costs by twenty per cent. Within the 
next ten years, ‘the fast breeder reacto: 
is thought by some to promise a further: 
twenty per cent reduction together with 
a major reduction in fuel costs due to 
breeding. In addition, Sir John said 
‘uranium prices are now confidently pre- 
dicted by experts to fall from current 
figures of $12 a pound to below $8 a 
pound in the middle 1960s and _ this 
could result in a fall of up to ten pe 
cent in overall power costs. There are 
also some possible bonuses such as in 
creased burnup and load factors higher 
than those assumed.” 

‘If we combine these favourable fac 
tors with the undoubted fact that elec- 
tricity demands of the world are still 
rising exponentially with a doubling time 
of ten years, we must agree with the 
Chairman of Euratom that the recession 
in nuclear power construction can only 
be a temporary phase.’ 

That these opinions are shared by the 
French authorities was confirmed by the 
delegation head, Mr. Pierre Couture, 
when he said ‘the G-2 reactor at Mar- 
coule now gives some 30 MW to the 
national grid and that present plans fore- 
see a capacity of 1000 MW from nuclear 
power generation in 1965. This proves 
France’s faith in the future of this new 
source of power.’ He went on to urge 
the Agency to concentrate its technical 
assistance activities on some major pro- 
jects such as small and medium power 
reactors. 

Spain’s activities, said her delegate, 
Ambassador José S. de Erice, were sti- 
mulated by the fact that reserves of tra- 
ditional sources of electric power were 
being rapidly depleted. ‘Our need for 
nuclear power is growing every day’ he 
said. 
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TEDDINGTON BELLOWS 


and Nuclear Power 
HARWELL PAYS A TRIBUTE 


Harwell top research scientists have freely acknowledged * that recent improvements in the 
operational efficiency of Zeta owe much to the introduction of a corrugated stainless steel 
liner inside the aluminium ‘torus’. Having decided to use such a liner, they turned to 
Teddington engineers who, out of their experience in adapting their bellows expansion joints 
to various demands in a wide field of industry, produced exactly what was required for 
satisfactory running over long periods. 


* Jn a paper read before the I.E.E. on 29/30 April 1959 by Mr. J. T. D. Mitchell of the U.K.A.E.A., Harwell 


In Zeta, experiments towards controlling fusion 
have resulted in gas temperatures of several 
million degrees centigrade being achieved for 
millisecond periods. View showing the torus. 

















This stainless steel liner has improved opera- 
tional characteristics and requires less main- 
tainance than the original aluminium liner 
system. Here is part of the twelve welded 
sections of Teddington stainless steel bellows 
tube of wall thickness 0-017’; it has 24 con- 
volutions per inch of a depth of 0-75”. The 
bellows is 38 inch bore and the whole toroidal 
bellows assembly has an axial length tof 37 
feet and an electrical resistance of 0-02 ohms. 





SEND FOR HANDBOOK 
R. 113 


Illustrated descriptions are 
given of the many and 
varied problems that 
Teddington Bellows Expan- 
sion Joints can overcome. 
If you did not secure your 
copy at the Engineering 
Exhibition, please write 

for one. 





Teddington Bellows are produced in technical collaboration with the Solar Aircraft Co., U.S.A. 


TEDDINGTON 


STAINLESS STEEL BELLOWS 


TEDDINGTON AIRCRAFT CONTROLS LTD. (/ndustrial Bellows division) 





Ammanford, Carms. Tel.: Ammanford 2255 


NUCLEAR POWER November 1959 Tick No 86 on reply card for further details 











an 


133 








NAMES 


IN THE 


NEWS 


The appointment of Mr, G, G. Ballard, 
29, to be chief engineer of Elliott Nu- 
cleonics Ltd. accentuates the youthfulness 
of the men who are rapidly rising to the 


G. G. BALLARD 
responsible for Bradwell 
instrumentation 





top of the nuclear industry. As chief 
engineer Mr. Ballard will be responsible 
for both the Bradwell instrumentation, 
and for the company’s design and de- 
velopment work in the nuclear field 


Three engineers, one Swiss and two 
Italian, arrived in this country in Sep- 
tember forming the advance party of 
engineers and scientists who will work 
at Winfrith on OEEC’s Dragon project 
Dr. Carl Hintermann, who was accom- 
panied by Dr. Pietro Acciarri and Mr. 
Giovanni Dondi, will be deputy head, 
Research and Development Division 
and comes from Reaktor Ltd., Wiiren- 
lingen. Dr. Acciarri and Mr. Dondi have 
both been with AGIP 





CATALOGUES 
AND | 
BULLETINS 


ae 


hee 


Get your copy by filling in the readers’ 
reply card in this issue. 


Electronic recorder. Brochure from Cam- 
bridge Instruments describes with detailed 
diagrams and photographs their elec- 
tronic recorder, and a standard range of 
additions which can be used in conjunc- 
tion with it. 


Tick No 251 on reply card 


Cathode Protection. Sturtevant Engineer- 
ing’s publication No. 6001 deals with the 
subject of corrosion and how it can be 
overcome by cathodic protection. 


Tick No 252 on reply card 
Incandescent heat. Recent literature from 
this company includes beoklets on 


cupolas, ladles and receivers, a hot blast 
system and a Controlled Heat & Air 
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Mr. D. C, Adams and Mr. R. C, Lever, 
sales manager and chief engineer re- 
spectively of Hivolt Ltd., have left the 
firm to form their own company, Hur- 
sant Electronics Ltd., which will special- 
ize in the application of electronics in 
industry and education. 


Mr. Karl H. Puechl, formerly manager 
of Associated Nucleonics theoretical de- 
partment, and Mr. Robert K. McGeary 
who was manager of Nuclear Core 
Engineering at the Westinghouse Atomic 
Power Department are to join America’s 
Nuclear Materials and Equipment Cor- 
poration (NUMEC). Both Puechl and 
McGeary will be engaged on NUMEC’s 
plutonium development programme. 


Mr. E. S. Booth, who has been chief 
design and construction engineer of the 
Central Electricity Generating Board 
since 1957, has been appointed a full- 
time member of the Board. He is 45. 


E. S. BOOTH 


joins generating board 


Managing director of Richard Klinger 
Ltd., Mr. Charles Soukup, who has been 
associated with the company for nearly 
fifty years has retired owing to ill health. 





Dr. Paul Partos has joined Honeywell 
Controls Ltd. He will supervise engine er- 
ing design for the company’s data p-o- 
cessing equipment. Dr. Partos was | dr. 
merly chief engineer of Panellit Ltd 


O. A. SCHULZE 
for AMF’s Atomic 
Division 


he 


= 


2 


Mr. Otto A. Schulze has been appointed 
general manager of AMF’s Atomic Divi- 
sion. Schulze was at one time chief 
physicist on Argonne’s experimental 
boiling water reactor programme. 


Mr. H,. Fothergill, who at 73 is well 
past normal retiring age, has decided not 
to stand for re-election to the boards of 
companies in the Richardsons Westgarth 
group. This applies also to Atomic 
Power Constructions, of which he is a 
director. 


Mr. G. J. Lyons has been appointed sec- 
retary of the Institution of Plant Engin- 
eers in succession to Mr, R. F. Farmer 


Mr. P. H. Stokes has resigned from the 
boards of H. M. Hobson and its subsid- 
iary Integral. 


Vitro Engineering have appointed Mr. 
James C, Tourek vice-president for en- 
gineering. 





Ltd. bulletin on processing equipment 
for the electrical industries. 

Tick No 253 on reply card 
Non-destructive testing. Comprehensive 
brochure illustrates and describes the 
Sperry Gyroscope Introview flaw and 
corrosion testing equipment. The Intro- 
view consists of five units, recorder unit, 
power pack, probe, probe injector and 
probe winch unit. 

Tick No 254 on reply card 

SIMA, Brochure from the Scientific In- 
strument Manufacturers’ Association lists 
requirements of membership and other 
information of interest to prospective 
members. 

Tick No 255 on reply card 

Mechanical seals. Catalogue from Flexi- 
box describes their full range of mech- 
anical seals including balanced and un- 
balanced mechanical gland seals for all 
types of rotary shaft equipment. 

Tick No 256 on reply card 

Lead, Isotope containers, lead in medi- 
cal irradiation and lead shielding in a 
nuclear whaler, are subjects of articles in 


a recent number of the Lead Develop- 
ment’s Association’s ‘ Lead News.’ 
Tick No 257 on reply card 


Nuclear fuels. Two interesting and well 
prepared publications from  Sylvania- 
Corning are now available. The data 
book on physical and engineering pro- 
perties of materials for nuclear fuel 
elements, price one dollar, presents its 
information in a concise and useful 
tabular form. There is also a more gen- 
eral book on nuclear fuels, and various 
types of reactor involved. 

Tick No 258 on reply card 


Machine tools. A. A. Jones and Shipman 
have issued leaflet illustrating various 
types of grinding tools. 

Tick No 259 on reply card 


Plessey Nucleonics, Colour brochure re- 
cently published provides a pictorial sur- 
vey of this firm’s varied work from 
construction of b.s.d. units to assembly 
of precipitation chambers. A recently 
developed monitor for plutonium is also 
illustrated. 


Tick No 260 on reply card 
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referred to the Company best equipped to supply a practical solution. 


Your enquiries for equipment of a similar nature are invited 


| 


i a acon on 
| iol i “— 
AA ia 
‘nti PX i ‘nl 
i AA . ———™ lhl 
wil ee (_) i WAN 
A ‘a Hl Si 
HA at Hii Hh 
: SS i 
i i i“ | 
i hi i i fi “nh 
il iit i 
os i < ora 
AA A ml Hl AA 


Wilh 


55660 5 


RINGWOOD ROAD - WEST HOWE - BOURNEMOUTH - HANTS - Telephone: Blandford 501. Telegrams: Refuelling, Blandford 
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CHAPMAN & HALL 


Ee 


Just Out 
The Design 
and Construction of 


HIGH PRESSURE 
CHEMICAL 
PLANT 


by 
HAROLD TONGUE 


M.1.Mech.E., A.M.I.Chem.E. 


With a Foreword by 
SIR JOHN COCKCROFT 
K.C.B., F.R.S. 


SECOND EDITION—REVISED 
264 pages 


As Mr. Tongue has been actively 
engaged for many years, not only in 
orthodox high pressure technology, 
but also in nuclear engineering, the 
new edition of his book, which in- 
cludes consideration of the high pres- 
sure problems of nuclear power plants, 
should be a most useful contribution 
to the literature of high pressure 
technology.—From the Foreword 


Illustrated R45. net 


ri 


37 Essex Street, London, W.C.2 














NUCLEAR POWER 
BOOK INQUIRY 
SERVICE 


If you would like to have de- 
tails of a particular book or to 
know whether one is published 
on a specific subject, fill in this 
coupon and send it to us. We 
will then forward it to the ap- 
propriate publisher or book- 
seller who will answer your 
query. 


See 
ADDRESS 


Details please of books on the follow- 
ing subjects : 


NUCLEAR POWER, 3 PERCY 
LONDON, WI, ENGLAND 











Book Reviews 





Radiation background 


Principles of Radiation Dosimetry by 
G. N. Whyte 1959, New York, John 
Wiley and Sons Inc 124 pp Price 56s 

nuclear in- 
increasing 
radiological 


With the great number of 
stallations being built, an 
effort must be put 
protection and more more health 
physicists safety must be 
trained. One important aspect of their 
work is radiation dosimetry, i.e. the 
measurement of radiation dose and this 
book will be of particular value in this. 
fundamental aspects of 
radiation dosimetry in clear and compre- 
hensive terms, and discusses the meas- 


into 
and 


and officers 


It covers the 


urement of X-rays, gamma-rays, charged 
particles and neutrons. It deals essen- 
tially with the principles of the subject 
and there is little reference to the prac- 
tical aspects of dosimetry, but for what 
to do—to enunciate and ex- 
plain the principles of dosimetry—it is 
excellent 


it sets out 


and can be strongly recom- 

mended. 
The nine 

with the 


radiation 


chapters deal 
radiation field, 
with matter, determination of 
X-ray spectral distribution, measurement 
of X-ray 
posure dose, measurement of absorbed 
dose for X-rays, dosimetry of charged 
particles, neutron dosimetry and second- 
ary instruments. The last chapter also 
discusses briefly how the secondary in- 
struments, e.g. geiger counters, scintilla- 
tion counters, photographic films, chemi- 
cal dosimeters, etc., may be calibrated. 
This chapter is very brief and the work 
would have gained in value if this 
material had been presented more fully 
The book is well printed and illustra- 
ted. Each chapter ends with a good 
bibliography, and there is no doubt that 
this little volume has filled a definite 
want, namely that of presenting to the 
science graduate who wants to 
about the measurement of 
dose, the principles and main 
ground theory of the subject. 
Denis Taylor 


respectively 
interactions of 


intensity, measurement of ex- 


learn 
radiation 
back- 


Skilful introduction 


Lectures on Nuclear Theory by L. Landau 
and Y. Smorodinsky 1959: Chapman & 
Hall 108 pp. Price 45s 

A wide variety of topics, ranging from 
elementary ideas about nuclear forces, 
through nuclear structure and nuclear 
reactions, to some pion physics is covered 
in this book of only 108 pages. The 
treatment is elementary and contains very 
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little mathematics, but by skilful ue 
of physical arguments the authors a-e 
able to introduce the reader to many «+f 
the advanced concepts used in nucle 

physics. Naturally the economy in sive 
has disadvantages: some readers may fin 
the treatment of abstract ideas 
rather inadequate, and several statements 
could do with more explanation. Neve 
theless, as would be expected from suc 
eminent authors, the book can _ be 
heartily recommended as a very readable 


introduction to the subject. E. J. Squires 


certain 


Detector physics 

Détecteurs de Particules (Compteurs et 
Scintillateurs) by Daniel Blanc 1959, 
Masson et Cie, Paris 323 pp Price 3900 Fr 
For those wanting an informative up-to 
date account of 
radiation detectors 


nuclear particle and 
in French this book 
can be recommended. It comprises some 
sixteen chapters dealing in turn with 
fundamentals, ionization chambers, pro 
portional counters, several chapters deal- 
ing with the mechanism of geiger-miille: 
and their characteristics, 
duction counters, neutron-sensitive detec 
tors, photo-multipliers, Cerenkov detec- 
tors and several chapters dealing with 
scintillation techniques and scintillation 
detectors. 

The book deals essentially with the 
physics of radiation and particle detec- 
tors, and little information is given about 
the associated equipment needed to use 
these detectors. However, the author has 
endeavoured to write the book so that 
it will appeal to a wide circle of 
readers. Thus, in the section on photo- 
multipliers he enumerates the character- 
French, American and British 
manufactured tubes. The book is especi- 
ally valuable in that it contains a great 
deal of numerical 


counters con- 


istics of 


information on the 
characteristics and performance of com- 
ponents. It pages of 
references to papers—a very 
valuable feature for the serious student 

Well printed and illustrated, the book 
appears to contain few mistakes. In one 
or two cases the author has failed to 
refer to the first publication on the 
subject and to give credit to the right 
person. But these are small errors and it 
is the reviewer’s opinion that the book 
is one which will be very valuable to 
anyone who really wants to understand 
the physical mechanism of these detec- 
tors, and therefore be able to plan his 
experiments using them in the best pos- 
sible way. 


also contains 30 


original 


Denis Taylor 


1959 








sive NEWTHERM 
your toughest 
insulation 
assignment 


Newalls (Reg’d Brand) NEWTHERM Calcium Silicate insulation 
is the finest answer yet to many of industry’s heat insulation 
problems. Strong and rigid, Newtherm withstands rough handling 
in transit and erection, with negligible breakages even 

during transport to remote sites. Exceptionally light, Newtherm can 
be applied in difficult situations with ease — even the largest 
sections being manageable in one hand. Moisture resistant, Newtherm 
retains much of its strength even when immersed in water, 

does not deform, and quickly dries, leaving its strength and thermal 
efficiency unimpaired. Easily applied, Newtherm offers 

a smooth surface and straight edges for speedy fitting, and is 
available in many standard sizes for immediate application. 























NEWTHERM Calcium Silicate is manufactured solely by 
NEWALLS INSULATION COMPANY LIMITED 


Head Office : WASHINGTON, CO. DURHAM, ENGLAND 
A member of the TURNER & NEWALL ORGANISATION 


Offices and Depots at : 

LONDON, GLASGOW, MANCHESTER, NEWCASTLE UPON TYNE, 
BIRMINGHAM, BELFAST, DUBLIN, BRISTOL and CARDIFF. 
Agents and vendors in most markets abroad. 
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@ FLEXIBLE @ PORTABLE (installation on site) 
@ TEMPERATURE UP TO 1832°F (1000°C) @ FOR PRE-HEATING 
@ FOR STRESS RELIEVING OF WELDS @ WORK OFF GENERATORS OR TRANSFORMERS 


ARMOURED HEATERS 


Insulated metal sheathed cable operating at work- 
ing temperatures up to 1472°F (800°C) and 
supplied in standard lengths up to 264 ft. (810 cm), 
for safe use on §50v., 75§v. and IIov. 


FLEXIBLE FURNACE 


Ceramic insulated mat operating at working tem- 
peratures up to 1832°F (1000°C) and supplied in 
dimensions to meet any requirements. 


Please request literature 


ELECTROTHERMAL ENGINEERING LTD. LONDON E7 GRAngewood 9911 
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MANCUNA-DUSTEX THE MOST EFFICIENT MINIATURE CYCLONE DUST COLLECTOR IN THE WORLD 


First — Bradwell Essex 





NOW AT LATINA, ITALY 


In conjunction with Agip Nucleare and The Nuclear Power Plant Co. 





MANGUNA HIGH EFFICIENCY MINIATURE 
CYGLONES FOR GO2 BYPASS & DRIER FILTERS 





MANCUNA ENGINEERING LTD., DENTON, MANCHESTER. Tel.: Denton 3965 (5 lines) 
Specialists in Gas Cleaning and Dust Technology 
London Office: 59 VICTORIA ROAD, SURBITON, SURREY. Tel.: Elmbridge 9793 
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COURTBURN EQUIPMENT 


in service with all 
modern}findustries 















MODEL VH20 is the ideal machine for rotating components 
for continuous circumferential welding by either manual or 
automatic processes. 


It is robustly constructed, fabricated throughout, and simple 
to use. The top plate tilts through 135° by turning the hand 
wheel on the machine, enabling all welds to be laid in the 
downhand position. 


Selection of the desired welding speed is by a knob with 
flexible connection to the variable speed gear box, while push 
button controls select “stop”, “forward”, and “reverse” 
motions. 


For production or one-off work where speed and accuracy 


are essential, there is no finer tool available than the Courtburn 
Model VH20 positioner. 








Courtburn Welding Platens provide an accurate machined flat on which fabrications can 
be set up accurately. Three sizes are available (5’ x 2'6”, 6’ x 3’ and 8’ x 4’) but a number 
may be placed side by side to form any desired area of bed plate. The illustration shows 
eight 8’ x 4’ platens being used as a bed plate to accurately fabricate 16’ diameter turntables 
for the Motherwell Bridge & Engineering Co. Ltd. 


Courtburn Rotators are essential for the smooth, 
efficient and economic welding of all cylindrical vessels. 
Remote controls with ‘stop’, ‘forward’, and ‘reverse’ 
are standard equipment, and speed indicators are 
available. 


Rotator sets are made in sizes of 2 tons to 200 tons 
capacity. 





Write for a complete catalogue to: 
(OURTBURN COURTBURN POSITIONERS LIMITED 


Fp POSITIONERS LIMITED | LIMITED 


KEMPSTON HARDWICK, BEDFORD Telephone: Kempston 2341/2 
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HOPKINSONS? 
VALVES 


FOR 
NUCLEAR POWER STATIONS 










Left: Deadweight Relief Valve, 
20 inch bore. 





Above : ‘‘Tansphere’’ Valves 
for isolating CO2 gas between 
reactor and steam generating 
plant. Supplied or on order 
for Bradwell, Hinkley Point, 
Latina and_ Trawsfynydd 
(Valves illustrated are 60 inch 
and 36 inch bore). 


Below: Group of 24 inch 
electrically - controlled 
Hopkinson - Ferranti valves 
for a nuclear power station. 


i 


Specialised valves (some of which are illustrated) needed in nuclear Hopkinsons’ valves and fittings 
power stations are naturally entrusted to Hopkinsons because of have been supplied or are on order for: 
their vast experience in the manufacture of valves for exacting Calder Hall 
duties. But, additionally, Hopkinsons are supplying large numbers Dounreay 
of their electrically controlled valves, desuperheating equipment, Chapelcross 
combined stop and isolating valves, automatic exhaust valves, Berkeley 
Steam traps and all types and sizes of stop valves. Hunterston 
Bradwell 
HOPKINSONS LIMITED - HUDDERSFIELD Hinkley Point 
—(@) Latina (Italy) 
LONDON OFFICE: 34 NORFOLK STREET ~ STRAND ~ W.C.2 Trawsfynydd HVI2I 
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To provide stabilized E.H.T. 
DYNATRON POWER UNIT 
TYPE N.104 and 5 


This unit has been designed to provide sources 
of E.H.T. for G.M. tubes and _ Ionisation 
Chambers. 

The construction is such that one, two or three 
outputs may be obtained by the use of plug in 
units covering the appropriate voltage ranges. 
The basic unit (19” x 33” panel) is in two versions 
which allows it to be used either with 
DY NATRON type 1009 Scalers, from which it 
can receive its power supplies (type N.105), or 
as a completely independent mains powered 
unit (type N.104). It is also possible to convert 
type N.105 to the mains version type N.104 
with very little effort. Stabilisation is achieved 


by Corona Tubes and sub-units (type N.106) 
are available to cover voltage ranges 350-650V, 
600-900V, 800-1 100V, 1000-1300V, 1200-1500V 
and 1400-1 700V. 





100 microamps 


| 
Total current available is 100 microamps, i.e. 
with one Sub-Unit 
| 


50 = each two Sub-Units 


30 i. each _,, three Sub-Units 





DYNATRON 


NUCLEONIC INSTRUMENTS 


DYNATRON RADIO LIMITED, NUCLEONIC 


AND ELE-STRONIC DEPARTMENT, 


MAIDENHEAD, BERKS. TELEPHONE MAIDENHEAD S515! 
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...now it’s Tru-Wel finned tubes for Trawsfynydd 


Tru-Wel Helically Finned Tubes have been specified by International Combustion 
Ltd., for the heat exchangers of the Trawsfynydd Nuclear Power Station. So the 
demand grows. Tru-Wel finned tubes were chosen for the nuclear power station at 
Latina, Italy, and for the advanced gas cooled reactor at Windscale, Cumberland. 
Now Trawsfynydd, too, will be relying on these ERW precision steel tubes to meet 
the most exacting requirements of its heat exchangers. Tru-Wel Helically Finned 
Tubes, made by Tube Products Limited—the largest manufacturers of ERW 


precision steel tubes in Europe—can be manufactured in a wide range of base tube 
sizes and fin geometries. 


Tube Products would like to congratulate the Atomic Power Constructions Ltd. on their achievement 
in securing the contract for this latest major nuclear project. 





Tube 
Products Ltd 


The largest manufacturers of 
ERW precision steel tubes in Europe 


OLDBURY, BIRMINGHAM TEL: BROADWELL 1651 


a @ Company 
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VOKES GENSPRING 


PIPE SUSPENSION EQUIPMENT 
GHOSEN FOR 


TRAWSFYNYDD 


Atomic Power Construction Ltd., have specified our equipment for the 


support of the main ducting and pipe runs in this latest Nuclear Power 
Station. { 








From Calder Hall and Chapel Cross, 
where our Gensprings are giving 
faultless service, all Nuclear Power 
Stations currently scheduled— 


BERKELEY 
BRADWELL 
HUNTERSTON 
HINKLEY POINT 


and now 


TRAWSFYNYDD 


will depend on VOKES GENSPRING 
equipment for trouble-free pipe 
suspension. 


Vokes Genspring SUSPENSION SYSTEMS 


VOKES GENSPRING LTD +> HENLEY PARK: GUILDFORD - SURREY 


Telephone: Guildford 62861 Telegrams: Vokesacess, Guildford. Telex: 13-535, Vokesacess, Gfd. 
A member of the VOKES GROUP with world-wide representation 
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‘PLUGIN’ 


ek ek ohm ® @ 2 -am a —s =e 4 














As supplied exclusively for 


BERKELEY POWER STATION 





A.1.D. A.R.B. 
ADMIRALTY APPROVED 
3000 & 600 TYPE RELAYS 











7 


WITH TRANSPARENT DUST 


COVER AND PLUG-IN BASE 
SIZE OF BASE 23” 1)” x }’ 


NOW SUPPLIED AS FOLLOWS 


e 6 Change-overs Light Duty Transistorised to operate as low as 3 micro-amps 
* 6 Makes or 6 Breaks Heavy Duty A.C. Operation for: 6v. I2v. 24v. 50v. 110v. and 250v. A.C. 
¢ 2 Change-overs Heavy Duty * Double Wound Coils ¢ P.T.F.E. Insulation 

and 2 Change-overs Light Duty ¢ Operate and Delay up to 5 Seconds 


A.D.S.RELAYS LTD 


89-97, ST.JOHN STREET, CLERKENWELL,E.C.I 
Telephone: CLErkenwell 3393/4/5 
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For the ultimate in 
Welded Fabrications 
consult Empyrium, 
pioneers in this field. 











Transformer and Switchgear Tanks; StoragetTanks for 
Petrol, Oil and Water ; Autoclaves; Chemical Plant of all 
descriptions ; Bedplates; Machine Tool and Press Frames; 
Gas Works Plant ; Hoppers, Condensers, Gear Guards, 
Blast Mains, Air Receivers and Pressure vessels of all 
types. 







Empyrium fabricate for 
all industries to ASME 
and Lloyds specification. 
Also to the exacting 
requirements of the 
Petroleum and Oil 
Companies. Full testing 
facilities, including 
X-Ray. 





WELDING & MANUFACTURING 
COMPANY LIMITED 


Head Office and Main Works: Pritchett Street, Birmingham 6. 
Telephone: ASTon Cross 3203/4/5. 
Telegrams: Empyrweld Birmingham. 





PIONEERS IN WELDING PRACTICE SINCE 1917 


JW. Ad 4680 
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The Short Control System Analyser 


A new instrument for investigation of feedback control systems. 


The Analyser incorporates the Short Low Frequency Oscillator. 








Control of rolling mill 
and mining machinery 








Design of 
heavy crane control gear 





Missile 
servo analysis 








Gun control problems 





Reactor 


control mechanisms 
© Steady inphase and quadrature readings. 


© Complete rejection of system D.C. 





® Harmonic rejection. 

® D.C. content less than 0.0005%. 

© Sine and cosine distortion less than 0.5%. 
* Amplitude within + 1% 

© Frequency range 0.01—109.9 c/s within 1%. 





Powered steering 
and damper design 


© Zero start and exponential finish to sine wave 
output. 








Write for data sheet to: 
COMPUTOR SALES DEPARTMENT, SHORT BROTHERS AND HARLAND LIMITED East India House, 208a Regent Street, London W.1 
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titive level 


Tod at anew compe 





( ~ <4 An A.E.I. Company 
aris W. T. HENLEY’S TELEGRAPH WORKS CO. LTD a 
Masuiscturers O1-53 HATTON GARDEN: LONDON - £.C.1: Tel: CHAncery 6822 YY) 
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a oh clear Power Station 


15 TONS construction... 
Lifted at 90 ft. radius 


6 TONS in service at BERKELEY 


Lifted at 125 ft. radius 


— 
= = Mua > 3 Wr "au On weet snllbmlt 
JIB LENGTH Sltelion xy >. ~'s. 
127 ft. 6 ins. : oan tad Nanette 
RADIUS a P 
125 ft. maximum — 233 
Full Circle Coverage 


TOWER HEIGHT 
120 ft. 
or to requirements 


FIXED OR 
TRAVELLING 
Note small erection 
area 


The Butters 
Monotower 
Crane 


MADE IN A RANGE OF iis re 
SIZES AND POWERS . 
geet REET 


od 


BUTTERS BROS. & CO. LTD., Macielian Street, GLASGOW S.! AND AT LONDON, BIRMINGHAM & NEWCASTLE 
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Bellow Cocks 


—6-6°Ns do1045 


ft> 
‘ c= att 


5 (4 Bellow Angle Valve @ I5 
\ 2 














‘ 





’ 


MINIATURE °’ 
Type GACHOT 188 Mo 


entirely welded-safety-stuffing 
box 


working on (0, - D0 - UF 
He - Na - Na K - UO. 
tested with the Helitest 


specially studied for atomic 
energy and dangerous products 









in use at the 


(.E.A. Chatillon-Saclay 
Marcoule 
E.D.F.—UGINE 


Miniature Bellow Cock © 


for active fluids and high tem- 
peratures 


TECHNIQUES — NUCLEAIRES 


SOCIETE D‘ETU UDES ET DE REALISATION 
82, RUE DE MONTIGNY - ARGENT Ui 6 8-0) - -FRANCE TEL. 961-19-93 
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REMOTE HANDLING TOOLS 









CEE-VEE tools are 


in use at :— 


eHARWELL 
e ALDERMASTON 
e CALDER HALL 
e WINDSCALE 
eDOUNREAY 


and by the authorities of :— 

e AUSTRALIA e CANADA 
e INDIAe U.S.A. e FRANCE 
e HOLLANDe SCANDINAVIA 


For many years we have been manufacturers of remote handling tools for 


various purposes. Nuclear progress has occasioned our introduction of a new 


tC 


range of equipment for this field. Additionally, we have facilities for the design 


and production of tools for specific operations. 


Write for details of our range — or let us know your special requirements. 





~~ . 
“Wy 

Ya PRESS TOOL ENGINEERS 

Siw 

hen, COODEN SEA ROAD «: BEXHILL - SUSSEX 

WL AX \ 

Nb TELEPHONE: COODEN 143 
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range of 





laboratory 


counting 





























These low-priced, space-saving units give full oper- © q U p samomame 


ational accuracy, flexibility in application, and sim- 
plicity of maintenance. Details of the first three 
units - the Scaler Type 1800, H.V. Supply Type 1820, 


b 
and Amplifier/Selector Type 1830 are given here. : 1800 SE I ~ 
Watch for details of the Pre- R E 
scaler 1850, Ratemeter 1810, 


Potentiometer 1840, and 
Timer Unit 1860. 





THE '1830' AMPLIFIER- 
SELECTOR 
























THE ‘1820’ H.V. SUPPLY 


Rengiiiter: Voltage and Current output: 


Gain: x 5: x 200: x 1,000 (Positive only). 
Input Impedance: | mA Range |: 250 co 1,000 volts. 


Rise Time: 250 m/p sec 0.3 mA. 

Stability: 1% Range 2: 500 to 2,000 volts. 

Discriminator/Selector: 0.1 mA. 

Threshold: Stability: (For Mains change 
casera +5% to — 15%: 0.25%) 

Stability: + 0.25 V Maximum ripple (peak to 


k): 50 mV 
Channel Width: = a 
(variable) |—~50 V. Controls: Coarse: “off”. “range 


Stability: + 0.25 V 1". “range 2”. Fine: continuous. 








THE ‘1800' SCALER 


Count Capacity: 99,999 counts 


, rc 2 ak 


UOTE OCROODOEUDEEAE ETE 


Max Count Rate 4,000/sec 
(evenly spaced pulses) 





oa : ¢ 


MMM Resolution Time: 275p sec 


Input Sensitivity: 5 volts + ve 


oe | a bil t 
so=<s oy ul Input Impedance: .0|uF into 470k 


MIMI 


Write for details to: 


ISOTOPE DEVELOPMENTS LTD 


BEENHAM GRANGE, ALDERMASTON, WHARF, Nr. READING: BERKS. 
Telephone: Woolhampton 2121. Telegrams: Devisotope Woolhampton. 
London Office: 120 Moorgate, London, E.C.2. Telephone: Metropolitan 9641 . 
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EFCO ‘KNOW-HOW’ A BERKELEY.....e: 


N | i Gl | 








Reactor 
pressure vessel 
stress relieving 

installation 
planned, erected 


and supervised 


Efco heating equipment inside 
the world’s largest reactor pressure 
vessel ever to be stress relieved. 


ELECTRIC RESISTANCE FURNACE CoO., LTD. 


NETHERBY, QUEEN'S ROAD, WEYBRIOGE, SURREY Weybridge 3891 


NRP 2797 
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in connection with 
high pressure 


ERMETO HIGH PRESSURE COUPLINGS 
are specified by many leading 
manufacturers because 

they are the most reliable 
fittings on the market 

for every high pressure 
installation. Our catalogue 
illustrating the full range 

of standard fittings will 

be sent to you on request. 
Non-standard fittings 

can also be made to suit your 
specification. Our technical 
experience is at your service. 


«ee ¢€ «© «© € € € 
««#¢«¢«¢« «€ € « 





BRITISH ERMETO CORPORATION LTD $=4,4\/1-5 8®@) 


HARGRAVE ROAD - MAIDENHEAD : BERKS - TELEPHONE: MAIDENHEAD 5100 A member of the ALENCO Group of Companies 
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PRECISION ENGINEERING 
FOR NUCLEAR POWER PLANT EQUIPMENT 


SPERRY 


Control and instrumentation 











Complete Reactor Control Head Mechanisms 
Servo-Driven Control Rod Position Indicators 
Pulse-Driven Control Motors 

Synchro Units, High and Low Temperature Operation 
Servo Motors 

Magnetic Particle Clutches 

Inductive Pick-offs 

Non-Destructive Flaw-Detecting Instruments 

Magnetic Storage Drums for Data- Handling Equipment 
Electro- Hydraulic Servo Valves 


Complete Systems Engineering Facilities 


Write, call or telephone your enquiries to the 
Sperry Gyroscope Company Limited, 

Great West Road, Brentford, Middlesex. 
ISLeworth 124] 
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A VALVE VOLTMETER 























nith these 
OUTSTANDING FEATURES 
EXTREME SENSITIVITY 


accurate measurements are possible 
down to 100uV. 


WIDE VOLTAGE RANGES 
ImV. to 300 Volts F.S.D. 


WIDE FREQUENCY RANGE 
15c/s to 4.5Mc/s 


METER SCALE CALIBRATED 
IN VOLTS AND dB 


CAN BE USED AS A NULL 
DETECTOR AND INDICATOR 
FROM |0c/s to 10Mc/s 


CAN BE USED AS AN 
AMPLIFIER FROM 
10c/s to 10Mc/s 


INCORPORATES ITS OWN 
H.T. STABILIZER 


SMALL COMPACT SIZE AND 
ROBUST CONSTRUCTION 


at this price... 


omy 
: oD nett in U.K. 


(including very low capacity screened leads and 
probe) 




























with this backing... 


Behind this, the m« 


sphere, is that spec 
















Size : 42” x 74" x 62” 


Weight : 7 Ib. 


INSTRUMENTS DIVISION De 
oo. ROEBUCK ROAD + HAINAULT + ILFORD * ESSEX TELEPHONE : HAINAULT 4444 


experience 






ducts a reputation second to none throughout the 
Industry rom our up-to-the-minute factory at 
Hainault comes this latest addition to the world 
famous ‘Advance’ range of instruments 


Full technical details of the 
‘Advac’ in Leaflet N 50 
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1959 | 


NUCLEAR POWER 


November 


Sek! PR EE py ad og 
oT? Beas ‘ a 3 


1959 


LTD 


"JOHANNESBURG P.O. BOX 2608 CALCUTTA . P.O. BOX 706 HAMBURG 
pretest Go., Los Angeles New York Chicago etc. 
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So simple! 


So surely SIMPLIFIX 
the foolproof 





coupling! 


Simplifix couplings form a perfect joint on almost 
any kind of tubing including those with very thin walls. 
All that is required is tightening with a spanner — 


no special work is required on the tube and the anti-friction 
washer prevents the tube twisting when the nut is tightened. 
Simplifix couplings are suitable for all pipe line systems 

up to 2” o.d. In a wide range of interchangeable standard fittings. 
Non-standard fittings of all kinds can also be made to order. 
Write for further information and fully illustrated catalogue. 


| M pp Li FS SIMPLIFIX COUPLINGS LTD - HARGRAVE RD - MAIDENHEAD - BERKS - TEL: MAIDENHEAD 5100 
A member of the ALENCO Group of Companies 
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—, 


F | E LD | N (- A wide range of “ Fielding’’ Hydraulic Open Gap 


Presses is available, covering a variety of applications. 


0 U Qe n These Presses are supplied complete with 





self-contained pumping equipment, or alternatively to 


G a p operate from an Accumulator System....Your enquiries 


» re SS Q S will receive our careful and prompt attention. 





Fielding & Platt Limited Ze 


f= 
ENGINEERS ATLAS WORKS, GLOUCESTER, ENGLAND 
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WIN 
THE BATTLE 
OF THE BURR 


B. O. MORRIS LTD. - MORRISFLEX WORKS, BRITON ROAD - COVENTRY 
Telephone : 53333 (PBX) Telegrams : MORISFLEX, COVENTRY 


PRODUCT OF THE Mitiigfi GROUP 
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| PROTECTIVE GLASSES 


against Radio-active Radiation 


There are 10 types available with varying lead content and in densities from 
2.53 to 6.20. Among those there are also several stabilized types which will not 
become brown even under exposure to high radiation doses. The great number 
of glass types permits good adaptation of the thickness of the windows to that 
of the protective walls. Depending on glass type it is possible to produce blocks 
in sizes up to 1,3m at thicknesses from 15 to 30cm. 


For further use in nuclear 
research we supply 


Bubble Chamber 


Windows 

made of best optical glass 

in untempered and temper- 
ed quality. Even large win- 
dows can be tempered. 


= aS 


Cylindrical Blocks 
of Lead Glass for 
Cerenkov-Counters 


of high refractive optical 
glasses, especially free 


from colour. JENA" GLAS 





JENA®® GLASWERK SCHOTT & GEN. MAINZ 


| Western Germany 
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GAS 


ELECTRICITY x —_ 


NUCLEAR 





SILICA GEL can adapt itself to meet any age... 


The emphasis is on CLEAN DRY AIR in all types of Air and Gas Drying 
Equipment; CO, Gas Dryers for Nuclear Reactors; Air Drying Plant for use 
during construction of Nuclear Power Plant; Semi-Automatic and Automatic 
Compressed Air Dryers for Instrument Air, Paint Spraying and other 
applications; Automatic Air Drying Plant for Controlled Humidity Rooms, 


Transformer Drying etc; Breathers for Transformers and Oil Storage Tanks, 
etc., etc. 


All enquiries to : SILICA GEL LIMITED 
ASTORIA HOUSE, 62, SHAFTESBURY AVENUE, LONDON, W.1. 


Telephone :— GERrard 5252 


162 


Works, Hounslow, Middlesex. 
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stainless stee/ 
i Ibe LtOTMING * 
makes 

life easier! 












* IMMEDIATE CAPACITY TAYLORS ALSO 
i. y quick reliable service PROVIDE SERVICE IN 
Y \ Ga ANY SHAPE, SIZE OR THICKNESS ee ee 
OG; k directly from your drawings oe 
oy paineerins Y Y gs, BAR GRINDING 
no templates needed from 4” to 2” dia. 
Write, call or phone. LATEST PATENTED SHEET POLISHING 
Our Area Manager CUTTING PROCESS 10—24 swg. up to 10’ x 4’ 
wil te seed Cut face needs no machining before welding saa pang napting 
call and discuss Ht LARGE PLATE STOCKS : r 
veer needs reel RH available at mill prices Ask for your copy of the 
. HIRE WORK Your own stainless steel cut TAYLOR STAINLESS STEEL 





priced stock list— 
new every 60 days. 


TAYLOR STAINLESS METALS LTD. *:....* 


Buckingham Avenue - Slough - Bucks. Tel: Slough 23951 midiand sates Office: 63 Temple Row, Birmingham 2. Tel: Midland 1430/4610 
BRITAIN’S PRINCIPAL STAINLESS STEEL STOCKHOLDERS 


wPes-24 






SWEDISH 


ELECTRIC WELDING CO. LTD 


FOR FIRST CLASS WELDING 
UNDER THE STRICTEST SUPERVISION 


We have ample facilities for handling top-grade welding repairs 
to boilers, castings, machine parts, etc.—with expert technicians for 
Fabrication work, Structural Steel work, Tank construction and 
Electric Stud Welding. Let us send you this descriptive colour brochure. 


For immediate service contact us NOW— 


ANGLO-SWEDISH ELECTRIC WELDING CO LTD 
WOOD WHARF * GREENWICH « LONDON SE 10 


Telephone: GREENWICH 2024-5 


NEWCASTLE - LIVERPOOL 
GLASGOW <« LEITH * LONDON 
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With an end in view...] .” =" 


























rm . S,., 
Te. ‘eS 

a tzy 
... about tanks ; 
When industry enquires about the supply of road oS 
tanks, transportable tanks and storage tanks, more ee q 
often than not they enquire of Darham. r 
Technical Advisory Service & 
Darham are known for the dependability in g 
constructing tanks for the transporting or storage of y 
liquids and powders. Much of the success of a Darham M 
tank can be attributed to the Technical Advisory . 
Service of Designers and Engineers, who study every ‘ 


individual requirement. 








: ee 
Solving the Problems fs - 
They apply their knowledge and skill to the problems x y 
of achieving the maximum payload possible, ye re 
capacity, weight distribution, types of lining, insulation, J x 
loading and discharging techniques. The result pits) C 
The finest tank that man can conceive. Ie) 2 
DARHAM build fine tanks in Mild Steel i C 
(suitably lined if necessary), at a 
Stainless Stee] and Aluminium. ae \( 
te 
“Ley1 AND t Res r oy . Z 
Ri, -23 6 . Stites om 

Re St ( 

(eyarhamiie 
(LONDON) LIMITED | 

17 Surrey St., The Strand, London, W.C.1 


COVent Garden 0556 


WORKS: BASILDON, ESSEX AND DURHAM CITY 








METALECTRIC 


our custom-built radiant and immersion elements can 





solve your nuclear engineering thermal problem. 





METALECTRIC FURNACES LTD - SMETHWICK - ENGLAND 
11/25/58 | 
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Spee 


Sea, S 


<~ Gears /td 






Electropower. 


KINGSBURY WORKS, KINGSBURY ROAD, LONDON, N.W.9 © oA 
Telephone: COLindale 462! (4 lines) Telegrams: LEKTROPOWA, HYDE, LONDON 
%& Hell, Nr. Trondheim, Norway. ¥% Hammersvest, Norway, the most northerly town in the world. 








A Special Unit constructed by 
us for the U.K.A.E.A. 


We have had extensive experience in 
the manufacture of many 


engineering products such as 


FLOWMETERS - FUEL PUMPS 
JET CALIBRATING MACHINES 
FUEL FILTERS - FLAP VALVES 








FLAME TRAPS - GAS INJECTORS 
FUEL PRESSURE REGULATORS 


Se “SAE a> Aes “Si 


Now added to this List is Equipment for the U.K.A.E.A. 


Enquiries to: 
Amal Ltd - Witton - Birmingham - Phone Birchfield 4571 (6 lines) 
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Lightweight High Temperature 


Thermal & Electrical Insulation 


REFRASIL is a unique material — 
a vitreous silica fibre, light in weight, 
of very fine diameter, and 


capable of withstanding continuously I ] 
temperatures up to 1,000°C 
(and even higher for short periods). J 


REFRASIL has outstanding thermal 
insulating characteristics at high 
temperatures, as well as being an excellent 
high temperature electrical insulator. 

It is available as batt, cloth, tape, 
sleeving, bulk fibre, yarn or metal-covered 
blankets. It is highly-resistant to 

thermal shock and chemical attack from acid. 


For further details about Refrasil please write to— 


THE BRITISH REFRASIL COMPANY LIMITED 


A menber of the Dartington Group of Companies 


STILLINGTON, COUNTY DURHAM Tel: STILLINGTON 351 
London Office: 5 Petty France, Westminster, S.W.1 Telephone: Whitehall 8841 






You can rely on 


[te west sen L | 


TRADE MARK 


See them at your local tool wholesaler or write to 


GEM POWER BRUSHES LTD., EST. 1874 


GEM WORKS (DEPT. 9), MINERVA ROAD, LONDON, N.W.I0. Tel.: ELGar 7251 (5 lines) 
ROTARY POLISHING & LATHE BRUSH DIVISION. KINGSWOOD MANUFACTURING CO., LTD. 
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HOLLAND /SLM 
ROTARY 


COMPRESSORS 


AND 
VACUUM 


PUMPS 


GIVE SERVICE 
FOR TO-DAY 





FOR TO-MORROW 


Part of the English Electric Aircraft Equipment 


Laboratories with three HOLLAND/SLM AND 
2-stage rotary vacuum pumps exhausting the 
altitude test chamber. FOR YEARS AHEAD 


The B. A. Holland Engineering Go. Ltd. 


LINDO LODGE, STANLEY AVENUE, CHESHAM, BUCKS. 


Telephone: Chesham 8406/8 Telegrams: Picturable, Chesham Works: SLOUGH, BUCKS 


a 






for welding & cutting equipment 








All Milne equipment is designed by practical engineers who 
know the exact requirements of the Welding and Allied 
Industries, It includes Brazing, Welding and Cutting Blow- 
pipes, Regulators to suit every purpose, Cutting and Profiling 
Machines, Gas Economisers, Valves for Pipe Lines and 
other necessary welding accessories. 


To provide a comprehensive welding service Milne also offer 
Electric Arc and Resistance Welding Plant and Equipment. 








For full information and details write to:- 


Cc. S. MILNE & CO. LTD. 


Manufacturers of Gas Welding and Cutting}Plant and Equipment 
Stockists and Suppliers of Electric Arc Resistance Welding Equipment 


Harley Works, Octavius St., Deptford, London, S.E.8 
Telephone: Tideway 3852 
Also at 172/174 West Regent Street, Glasgow, C.2 
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LASGAR PACKINGS for INDUSTRY | 


The widely varying needs of Industrial Engineering are fully met from the range of 
LASCAR Packings. From water and steam to highly corrosive acids, tough, resilient, 





durable, LASCAR Packings meet all existing requirements and most new ones. 





WHITE BELDAMOK BELDAMOK BEDFORD 
The specially developed graphite-free The high grade asbestos packing A range of metal foil packings combin- 
packing for superheated steam at lubricated for general high-tempera- ing low friction with good resilience and 
temperatures up to 1100 F, ture service up to 650°F. designed for high speed rotating shafts. 


Telephone or write for your copy of the LASCAR Manual—the best guide to better service in the application of jointings and packings 


LASCAR PRECISION PACKINGS 
BELDAM ASBESTOS COMPANY LIMITED: LASCAR WORKS ; 
HOUNSLOW - MIDDLESEX - Telephone: HOUnslow 7722 (10 lines) 


‘MICRO’ ALIGNMENT TELESCOPE 


= ...the United Kingdom Atomic 




















Engineering Research Establishment in the 
construction of Experimental Nuclear Re- 
actors and the associated Projects ZETA, 
BEPO, ZEUS, ZEPHYR, DIDO and PLUTO. 
Also used by the leading manufacturing 
groups in the construction of Nuclear Power 
Stations, of the Power Supply Plan in Great 


Britain. 


Stts and checks ALIGNMENT 


PARALLELISM -SQUARENESS 
and generate PLANE SURFACES 


The method of using this equipment for the above applications is 


TAYLOR- 





—Me available upon request, and for expert advice on your particular 
os problem, please apply to Optical Tooling Engineers’ Dept. ® H @) 230) N 
MeN x. 
Onpy o = ep eneh SEE 


TAYLOR, TAYLOR & HOBSON, LEICESTER, England. AT 29 | 
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Vacu-Blast is unequalled for 
weld preparation in the fab- 
rication of pressure vessels. 
Radiographic rejects can be 

reduced considerably by 

the use of Vacu-Blast for 
weld preparation and 
inter-pass deslagging. 


fit aaa 





The critical require- 
ments imposed by 
Class 1 welding 
specifications 
necessitate the 
use of this mobile, 
dust free, grit 
blasting process. 





Demonstrations can 
be arranged at your 
works. 








Vacu-blast is the system to ensure complete recovery of abrasive 


VACU-BLAST LTD., WELLCROFT ROAD, SLOUGH, BUCKS. - sioucn”24507/9 


| PAG 








Ruggedly built, but still 
mobile, the Muller Macrotank H 
is specially developed for 











on-site radiographic examination 
in heavy industry, ship and 
bridge building, nuclear power 
and refinery construction — 
wherever complete and accurate 
weld examination is essential. 
The small focus (2.3 mm.) of 
the Macrotank H gives really 
sharp definition, with a 


for 


penetration of up to 2}” of steel 
° with Pb screens in reasonable 
ind TES dia! exposure time. It is low in cost, 
reliable in use, and backed by 
full service facilities which may 
be on contract if desired. We 
shall be glad to send you 

full details. 

The Macrotank H is a product 


= (Fo) ait ——— of C. H. F. Muller, Hamburg. 


Sole Distributors in U.K. 


RESEARCH AND CONTROL INSTRUMENTS LIMITED 


9 Instrument House, 207, King’s Cross Road, London, W.C.1. TERminus 2877 





(RCLO410A) 
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Cc fe vv Sg TA a Pp M4 O Ss PP 4 O R Ss Hilger & Watts crystal phosph 


are highly efficient in detecting nd 


f= | 


resolving X-rays and gamma-ra -s 
and so are well suited for use in fp ulse- 
height analysers. We grow them ‘rom 
very pure melts of thallium- 
activated sodium iodide, and the 


potassium content is negligible. 


We make a standard range of crystals 
whose sizes range from $ in. in 
diameter and } in. thick, to 44 in 

in diameter and 2 in. thick. The crys- 


tals are mounted in metal containers, 





- which are lined with magnesium 


to increase their light output. 
HILGER 


a Saere HILGER & WATTS LIMITED 98 st PANCRAS WAY LONDON NWI Tel: GUlliver 5636 


WORo 30RD) SS 


f 


NEUTRON SHIELDING 


HYDROBORD provides insulation 


against Fast and Thermal Neutrons 











or combinations of both. 


William Mallinson 
and Sons iI.td. 


130 HACKNEY ROAD - LONDON . €.2 


Telephone: Shoreditch 7654 





Telegrams: ‘Almoner’, London 
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Dont bury your head... 
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ilse- 


om . in the sand and take a Pressure Gauge at 
its ‘face’ value. Look for the name ‘P & G’ 
and be certain of an instrument of quality— 
made by craftsmen for complete accuracy 
and dependability over years of active service. 
The range of P & G pressure gauges includes 
tals many different types to suit most applications’ 
-vacuum, combined, altitude, electric 
contact, differential, critical, duplex,’diaphragm, 


capsule, etc. 


Write for publication No. 87 





= WINDMILLS 
Sees 


TUDOR WORKS WINDMILL LANE 
SMETHWICK ’ BIRMINGHAM 











OIL FREE 
COMPRESSORS 


DISPLACEMENT RANGE 1 to 136 c.f.m. 











In the Food Processing, Brewing, Chemical and 
Paper Industries, also for pneumatic instrument 
control, it is essential that the air is free from 
oil in both droplet or vapour form. The WD 
compressors use carbon rings and completely dry 
cylinders to achieve this purpose. 





Manufactured now for several years they have 
proved themselves successful in many industries. 


For further details please write requesting 
Leaflet Nos. 4, 20, and 28. 





havinge Danabaubonratiocion WILLIAMS & JAMES encineers) LIMITED 
GLOUCESTER - ENGLAND 


TELEPHONE: GLOUCESTER 24021-2-3 - TELEGRAMS & CABLES: “COMPRESSOR GLOUCESTER 
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Have you met our... 


Our fans all agree that Heather Multi-Brush Air Filters 
are really the tops. 

“They've got a good sound heart !’’ says the Doctor. ‘‘No 
special equipment or fluids needed to clean ‘em!’’ says 
the Char. And for dust-free air, our Dustman friend 
swears by them 

Not that we ever expect Doctors, Chars or Dustmen to 
buy them, of course. We certainly do not! But, you must 
agree that all they say about a Heather Air Filter is 
perfectly true just ask any of our customers! 


filter fan-club ? 


Heather Multi-Brush Air Filters 
use a finely graded screen of inter- 
mingling hair specially selected 
to withstand varying humidity and 
other conditions. This unique, low- 
cost filter system does not require 
special cleaning equipment, fluids 
replacement pads or fabrics - 

simply remove the filter brushes 
and free them from dust by shaking 
or suction cleaning. 


If you require a filter system that 
gives maximum efficiency with 

ini int e, write NOW 
for leaflet H80 which gives 
full details. 

















EUR EAR PLE BS LIWLELED 
7 KENDALL PLACE, BAKER STREET, LONDON,W.1.: Tele: HUNter 1081/4 


HF.4 








—Y Gj 


WSS 


EPOXY RESIN LINED 
CAST IRON PIPES and SPECIAL CASTINGS 





are 


NON-TOXIC 
@ CHEMICALLY RESISTANT 


for mains carrying corrosive fluids. 


@ ABRASION RESISTANT 


does not flake or peel. 


@ SMOOTH, GLOSSY SURFACED 


Gives unrestricted flow and reduced coefficient of friction. 


Easily drilled & tapped - Available in all Sizes 
TAVE LEY Socket and Spigot - Flexible or Flanged Joints. 


THE STAVELEY IRON & CHEMICAL CO. LTD., NR. CHESTERFIELD 
Telephone Chesterfield 725| 
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lr process plant in stainless 


or alloy steels is your problem, 
our technical representative 
will be pleased to discuss it with vou. 
Ring the people who 
spend their working life 
(and a great deal of their private life) 
thinking and planning in 


STAINLESS STEEL. 


a 
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BURNETT & ROLFE LTD. 
THE ESPLANADE, ROCHESTER, KENT 
TEL: CHATHAM 41766 


NORTHERN OFFICE: 32 DEANSGATE, MANCHESTER 
TEL: BLACKFRIARS 9084 
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KIDDE 


on guard at 


Chapelcross 


Fire Precautions in the Turbine 
Hall and Reactor Buildings 

1, 2, 3, and 4 are entrusted to 
Kidde. The safety of personnel 
and the protection of vital 
equipment are ensured by the 
installation of Kidde Electric 
Fire Alarms, and Kidde 
Automatic CO, ‘Total Flooding’ 


Fire Extinguishing Systems. 


THE WALTER KIDDE 
COMPANY LTD 


Industrial Fire Protection 


NORTHOLT, MIDDLESEX 
TELEPHONE: VIKING 6611 
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Lead screening bricks made 
by Grey & Marten are equipped 


Stockholders | 
of 


with viewing portholes and a 
revolving sphere for remote 
handling of radioactive 


sources. 


STAINLESS 
STEEL 





SHEETS - BARS - TUBES 
STRIPS & BLANKS 





Ask Grey & Marten PROFILE CUTTINGS & 
about lead shielding * *Ntt! POLISHING 


(Their new subsidiary, James Girdler & Co., 
has all their skill and experience ) 


Grey & MARTEN are experts in 
lead. They’ve specialised in 
the manufacture of a// kinds of 
lead castings, fabrications and 


(CO XIIDANN KES 


LIMITED 


fillings for more than a century. 
Interlocking Lead Bricks (in 





one, two and four-inch thick- 
nesses), Lead Sphere Units (in 
two and four-inch bricks), 


Aperture and Viewing Bricks, Dain 2 4 P R 0 F | LE C UTT | N G 
Lead Pots and Isotope Carriers P T0 A N Y HA Pp F 
are all produced under the a oe wee « 


those used in standard 
Grey & Marten name. Now safes not already fitted with 
they have handed over this lead protection, affords 
- economical storage for 
radio-active material. 











activity to their new subsidiary, 
James Girdler & Co. Ltd. 


SCAPA HOUSE - PARK ROYAL RD. 
GREY & MART EN LTD LONDON N.W.10 


CITY LEAD WORKS, SOUTHWARK BRIDGE, S.E.I Tel: Elear 11 Telex 25239 
and at Birmingham, Manchester and Ipswich el: Elgar 58 ex 2523 


JAMES GIRDLER & CO. LTD 
Mansell Works, Mansell Road, London W.3 CHISWICK 5991 
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Photographs by 
kind permission of U.K.A.E.A 


THULIUM STORAGE MAGAZINI 
constructed at the Graviner works for 
the United Kingdom Atomic Energy 
Authority. 


If you have a Nuclear Development or 


Production problem contact us today. 


GRAVINER 





Contractors to The Atomic Energ y Authority 


AM ROA 
RT HANT 
AREHA 


FARE D 
GOs PpP Ss 
TELEPHO 1 


zor 


ELE = F M25 


{Iso specialists in Airborne, Diesel Engine 
and Industrial Fire and Explosion 
Protection, Thermostats and Overheat 
Switches. 





INDUSTRIES ATOMIQUES 
is the only international technical and indus- 
trial review printed in French, which specialises 
entirely in nuclear and related subjects. 


industri 
in u S rl e S INDUSTRIES ATOMIQUES is read by industrialists, engineers, technicians and 


chemists, heads of technical firms and by all those engaged in the world of science. In short, 


it is intended expressly for all specialists interested in research and in its practical realisation 
In view of its international character, INDUSTRIES ATOMIQUES is read and 
e appreciated in countries all over the world. 

0 m \ ll e © Up to date, more than 200 authors, all specialists, have honoured this review with their 
collaboration, and have contributed previously unpublished articles of high scientific value, 
abundantly illustrated. ; 

INDUSTRIES ATOMIQUES is a source of precise documentation, constantly being 
International review for the peaceful brought up to date. The international information and the list of suppliers to the atomic 
ree industries printed in its pages will be found invaluable. 
application of nuclear energy 














a | Industries Atomiques Subscription form 
| Subscriptions can be paid in the currency of the country at any European post office. 
12 numbers per year | We desire annual subscriptions, starting from 
i ____, to be sent to (surname, Christian names, or 
French francs . . . . . . 4,150 \ 
firm’s name, and address) —_ fel ° sesame 
Belgian francs. . 2. . . SIO8 eee i 
Swiss francs. ...... 35 | Method of payment _____. Date and signature: 
U.S. doll ik okt le i , ell ne: oe 
— — ; (This form should be returned in a stamped and addressed envelope to 
Pounds sterling. . . . . . 3. NUCLEAR POWER, 3 Percy Street, London, W1.) 
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This illustration shows a 
storage installation for 150 tons 
of Liquid CO, at low pressure. 

Wesupply complete instal- 
lations including Vapourisers 
for large scale CO, discharge, 
automatic apparatus and con- 
trol instruments. 

We also supply liquid and 
solid CO, production plants 








from a variety of fuels or from 
by-product gases with capacities 
of }-ton per day upwards with 
guaranteed purity of the CO, LLOY D & ROSS LTD 
produced. 58 Victoria Street, S.W.1. 


Telephone: Victoria 4873 
Cables: LOYDROS, LONDON 


Maschinenfabrik ESSLINGEN, Germany. 





the embodiment 
of this scientific age 








Forward-looking engineers are embodying Heli-Coil Screw Thread Inserts in their 
designs because competition demands that they use only today’s mostZadvanced 
and successful techniques. 

The Heli-Coil method of screw thread engineering can improve products in 
almost an infinity of ways. It can make dramatic cuts in time and labour costs. 


The Heli-Coil Insert is ideal for automation. Why not have all the information 
in front of you—ask for Sales Leaflet APL 48/E ° 13 


HELI-COlL 
THREAD INSERTS 


Your newest 


* 











design... 18 1 


guite up to date ? 





meg it, *HELI-COIL is a registered trade mark 


Write for more data on HELI-COIL insertsto ARMSTRONG PATENTS CO. LTD. EASTGATE, BEVERLEY, YORKS. 
Tel: Beverley 82212 (6 lines) 








176 Tick No 144 on reply card for further details NUCLEAR POWER November 1959 


Ti 


—F. -. 


— 1 








Tick No 145 on reply card for further details 


ROLLED 
STEEL 
RINGS 


IN CARBON AND 
ALLOY STEELS 


Leaflet giving full details of 
manufacturing capacity 


available on request 


Co00 


JOHN BAKER & BESSEMER LIMITED 


Kilnhurst Steel Works G.P.O. Box No. 3 

Rotherham Yorkshire Phone: Mexboro’ 

2154/7 & 3793 Telegrams: Tyres Mexboro’ 
London Office 

Locomotive House, Buckingham Gate, 

London S.W.1. Telephone: Victoria 5278/9 





Pantak’s new 










mobile industrial 

X-ray unit 

will penetrate 

5 inches of steel 


To keep pace with the trend of welding 
increasing thicknesses of steel plate, the 
output of our large X-ray units for weld 
inspection has been increased. 

Write today for full details of the 
unique features incorporated in these 


equipments. 
PANTAK LIMITED 
VALE ROAD, WINDSOR, BERKS. Telephone: WINDSOR 3225-6 


NUCLEAR POWER November 1959 Tick No 146 on reply card for further details 177 





Tick No 147 on reply card for further details Tick No 148 on reply card for further de-ails 





Make Light of Weight 


with 


(6p 


O.T.’s 


World Patents Pending. 
Omni-track Conveyor Ball Units having dynamic load 


1” 


capacities from 50 Ib. to 5 tons each with 4” to 2” dia “a 
load balls. 4a 
ETE 
; echnmeaaal 
d £OG ed 


ail 

















O.T.’s provide instantaneous change of direction 

automatically accommodated at any angle, with effort- 

less ease. On cast iron or hardened steel plate starting 

effort may be as low as 1% of the gross load. Special 

rotary applications as low as 0-25% per gross load. 
Ask for List No. 275/OT 


CASTORS 


Ask for List No. 275/C 


Over 20,000 types and sizes including wheels from 2” G 0 US y 
to 46” dia. and loads up to 30 tons each. Sprung, A NEW LI HT N IND TR 
automatically braked, Ackerman steered, Jacked 
direction or wheel-locking, etc. 


Seeing industry through the eye of 
camera and projector, Turners oper- 
ators bring a new light and a fresh 
viewpoint to methods of staff re- 
cruitment, public relations, training, 


publicity and selling. All respond to 
Twin 46 6" tubular shank, Twin 20” solid 
Pneumatics, 6-ton 90-Ib. tyred, 5-ton the knowledge and experience that 


DR f WER SLIDES highly skilled operators put into... 


Ask for List No. 275/S 





FILM PRODUCTIONS 


Two-piece Extension Drawer Slides, 10” to 25” lengths 


Profit by Turners experience of 
industrial filming and photography. 
Write, call, or phone. 


Also Trolleys, Trucks, Conveyor Rollers, etc., etc. 


AUTOSET (PRODUCTION) LTD. 


73-78 STOUR STREET, BIRMINGHAM 18 Camera House, Pink Lane, 


Telephone : EDGBASTON 1143 Newcastle upon Tyne, 1. 
Telephone: Newcastle 2-5391. 
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SERVICE DE RENSEIGNE- 
MENTS POUR NOS LECTEURS 
I] eat souvent difficile au client 
publicitaire d’indiquer dans un 
espace restreint tous les détails 
de ses produits. Dans le cas o% 
vous désireriez de plus amples 
renseignements @ ce sujet, veusllez 
pointer le numéro approprié sur 
la carte ci-contre et envoyer cette 
derniére 4 NUCLEAR POWER. 


AUSKUNFTSDIENST FUR 
LESER 

Es iat oft schwierig fur Inserenten 
alle technischen LHinzelheiten 
aber ihre Produkte in einem 
begrenzten Platz zu bringen. 
Sollten Sie noch weitere Aus- 
kinfte wilnschen, streichen Sie 
einfach die bestimmten Nummern 
auf der nebenstehenden Karte an, 
und senden Sie sie an NUCLEAB 
POWER. 


SERVIZIO D’INFORMAZIONI 
PER | NOSTRI LETTORI 

E’ talvolta difficile all’inser- 
tionista di indicare in uno 
apazio ristretto tutti + particolars 
Qualora de- 


pit ampie 


dei suoi prodotti, 
sideraste ricevere 
informaziont a questo riguardo, 
favorite segnare il numero 
appropriato sul cartellino qu 
accanto ed inviare quest’ultimo a 
NUCLEAR POWER. 


SERVICIO DE INFORMACION 
PARA EL LECTOR 

Se hace a menudo dificil para 
los anunctantes dar en wun 
espacio limitado todos los detalles 
técnicos sobre sus productos. S% 
desea ulterior informacion, 
marque los nimeros apropiados 
en la tarjeta opuesta y mandela a 
NUCLEAR POWER. 


HudopmauwA aA anTaTeneh 
Yacmo 6veaem mpydxo peraa- 
mupyowum auyam Oaeamo ece 
mexnuyecwue nodpoGnocmu ceéo- 
e2 npodyxyuu ¢ pexaame. Ecau 
Bam nonado6amca Oo6asounnie 
cecdenua, Mo npocmo ommemome 
coomeemcmeynusue HOMEPG HG Ka- 
moxne HA npomusonosoocHon 
cmopoxne u omnpaeome * 
NUCLEAR POWER. 
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READER INFORMATION service N° 


SUBSRCIPTION CARD 


335872 


If you would like further information about any adver 
tisement or editorial item, simply tick the appropriate 
numbers on this card and mail to NUCLEAR POWER. 


NAME 





NAME OF BUSINESS 





ADDRESS 








POSITION HELD 





NATURE OF BUSINESS 








33872 


READER INFORMATION SERVICE 


If you would like further information about any adve 
tisement or editorial item, simply tick the appropriat. 
numbers on this card and mail to NUCLEAR POWER. 


NAME 





NAME OF BUSINESS 





ADDRESS 








POSITION HELD 





NATURE OF BUSINESS 








Ne 
 ! 


! want my own PERSONAL copy ! 


Please send me NUCLEAR POWER for !2 months/until countermanded: 


U.K. £2. 2s. Od. 
U.S.A. and Canada $8.00 + 50c. postage 
Other countries £3. 3s. Od. 


starting with the issue 





NAME 


(CD Subscription enclosed 


CO Invoice me later 





SEND TO MY HOME/BUSINESS ADDRESS 














No Postage 
Postage stamp 
will be necessary 
paid by if posted in 
clear Power Great Britain 
or Northern 
lreland 











Business Reply Folder Licence WD 1823 





Nuclear Power, 

Rowse Muir Publications Ltd, 
3 Percy Street, 

London, W1 

England 


No Postage 
stamp 
necessary 
if posted in 
Great Britain 
or Northern 
Ireland 


Postage 
will be 
paid by 
lear Power 











Business Reply Folder Licence WD 1823 





Nuclear Power, 

Rowse Muir Publications Ltd, 
3 Percy Street, 

London, W1 

England 


No Postage 
stam 
Postage P 
; necessary 
will be : ; 
aid b if posted in 
4 : Great Britain 
lear Power 
or Northern 
Ireland 











Business Reply Folder Licence WD 1823 





Nuclear Power, 

Rowse Muir Publications Ltd, 
3 Percy Street, 

London, W1 

England 
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. ; FOR 
Chlorination ALL SURFACES 


of WHICH MAY 


HAVE TO BE 
Cooling Water Circuits DECONTAMINATED 


Heat transfer losses caused by slime forma- 

tion on condenser and heat exchanger water- 

side surfaces can be eliminated by chlorination 

of the cooling water. Water and air-borne tested 
organisms—the cause of slime formations— and 
are effectively and economically controlled by 
Wallace & Tiernan chlorination systems. 

The Wallace & Tiernan Model A-721B Chlori- A.E.R.E. 

nator shown above is one of a complete line of 

W&T chlorination equipment, designed to HARWELL 
give dependable chlorination at all feed 


ranges. It is used where cooling water chlorine COMPREHENSIVE DATA ON 


requirements call for a durable high capacity 


unit. CONTAMINATION /DECONTAMINATION 
stele unaiaias a PROCEDURES CARRIED OUT ON 


ATOMICOTE 


FROM 


approved by 


ae Se oe: ee a 
& TIERN AN _DETEL PRODUCTS LTD 


SPECIALISTS IN | SOUTH RUISLIP 
CHLORINATION, CHEMICAL FEEDING 
aoe - we folel iam -):cek a ten gre). | MIDDLESEX 


POWER ROAD - LONDON W4 
RUISLIP 6041 /2 
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COBALT 
a” BAF PROD | 
i R 7 i ® f ‘ ‘ ® f\ | 
61-6 R D RIAR e sie 
RAST DENSE SPECIALISED AGGREGATES READY MIXED 220-300 per cube foo | 
U DENSE CONCRETE MIXTURES READY MIXED ADD WATER ONLY | 
= —s — 
Hydraulic Pressure Testing with... 
Tho SOMUOR ; 
Why labour at this?... 
When you can use THIS... z 
h 
P 
The Junior Airhydropump costs approximately the same as a hand pump D 
but has very definite advantages for individual testing stations. 
It automatically gives the exact pressure required and will maintain this f 
pressure indefinitely, leaving the operator both hands free. 
Six models are available, giving pressures up to 10,000 p.s.i. working 
from compressed air at 5 to 100 p.s.i., supplied complete with air-control ' 
valve and bench or wall mounting. We manufacture Airhydropumps to 
give pressures up 
CHARLES S. MADAN & CO. LTD. | 255... | | 
VORTEX WORKS : ALTRINCHAM . CHESHIRE 
A/B ATLANTIC CM.12A 
Tel: ALTRINCHAM 2702 Grams: VORTEX ALTRINCHAM (Telex) TELEX 66-105 ALTCHM For full details send for leaflet AJ3/11 
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BENDING MACHINERY 


TYPE MSA. 6 


A heavy duty Mandrel bender of completely new design and 
massive construction with all mechanical drive to produce full 
bore bends on standard or on extra short radii in heavy gauge 
mild and stainless steel up to 63” o.d. and in non-ferrous tube 
up to 81” o.d. 


The Hilmor range of over thirty models includes hand operated 
and hydraulic portable machines, hand and power operated general 
purpose machines and power operated high output repetition 
benders. Most models can be tooled to bend square, oval and 


other forms of non-round tube, finned tubes, angles, extrusions, etc. 


&Q THILO 


| 
| TUBE BENDING MACHINERY 








| HILMOR LTD. (SALES AND SERVICE) CAXTON WAY - STEVENAGE « HERTS 


| Telephone: STEVENAGE 881 Telegrams: TUBENDERS STEVENAGE 








NUCLEAR REACTOR PHYSICS 


an elementary course 


by JAMES F. HILL B.Sc. principal, Reactor School A.E.R.E. Harwell 








—_—— A TT ms oe me 
TO; ROWSE MUIR PUBLICATIONS LTD 


In response to widespread demands, we » ali’ Ge, coun ee 


have reprinted the course in basic reactor 


Please send me—__—copy/s of Hill’s REACTOR 
PHYSICS 


physics which was specially written for 
NUCLEAR POWER and published in serial 
form during 1956 and 1957. The monograph 
has been revised by the author and forms an 

/ [_] Please invoice me 
excellent introduction. (64 pp. in stiff boards.) 
Price: UK, 30s +18 3d Abroad $5 + 20c 


or equivalent 


NAME 





ADDRESS 





| 
| 
| 
i 
| 
| 
| 
l 
[] | enclose _ 
| 
| 
| 
| 
} 
| 
| 
1 
l 
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| MEDWAY | 


build 
a township 





MEDWAY BUILDINGS & SUPPLIES 
LTD. have been awarded the contract 
for the construction of a temporary 
township in North Wales. Packaged 
Timber buildings will house the 
workers and staff and will provide 
office accommodation for those 
engaged in building the new atomic 
power station at Trawsfynydd for the 
Central Electricity Generating Board. 
This particular project at Trawsfynydd 
is being built under contract from 
Nuclear Civil Contractors (Trollope 

& Colls Ltd., Holland & Hannen and 
Cubitts, Ltd.). 


Medway Buildings & Supplies Ltd. 
are well equipped to handle such an 
undertaking, having had wide 
experience in providing similar 
townships not only in Britain, but in 
many parts of the world. Based on the 
use of pre-formed units, Medway 
systems of construction are extremely 
flexible and offer considerable scope 
in planning. 





MEDWAY TIMBER BUILDINGS 











MEDWAY BUILDINGS & SUPPLIES LTD. 
PHOENIX WHARF, ROCHESTER, KENT 
TELEPHONE : STROOD 7521 
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WEA ES EAL. G 


PULSE HEIGHT 


ANALYSER 
TYPE H.S.10 


* Torsional delay ine 
data storage \ ith 
computer reliab |ity 


* Resolution cons ant 
or proportional to 
amplitude 


* Background subt: ac- 
tion 


* Analysis of pulses of 
either sign from | 
mV to 50 V 


*% Binary and decimal 
storage 





* Both digital and an- 
alogue display 
% Storage capacity 2400 


digits * Analogue readout and 

: a automatic printout 
“a _ using either adding 
machine or electric 


* Built-in precision test 


typewriter 
pulse generator 


% Total count scaler and accurate live time integrator 
both of which are available for use as separate units 


MARSH ALI 
TWIN-CHANNEL PULSE 
GENERATOR MODEL T:-P:-G- 100 


Designed as a universal instrument for the development and general 
testing of electronic equipment. Extreme flexibility in use is achieved 
by virtue of the complete independence of the two channels apart 
from a common repetition frequency. The output pulses are fast- 
rising, of clean waveform, and at low impedance level. 

In addition to the facilities normally offered in a pulse generator, 
precise measurements of the resolution time of coincidence circuits, 
triggering characteristics of discriminators, and the overload per- 
formance of pulse amplifiers are readily made. 

A pre-pulse is provided for the purpose of triggering auxiliary 
apparatus. 

The “A” and “B” channel output pulses are independently variable 
in amplitude, duration, risetime, delay relative to the pre-pulse and 
polarity. 

Pulses from the two channels may be additively mixed if desired 
so that they appear at a single terminal. 


FOR COMPLETE DATA WRITE TO: 


MARSHALL OF CAMBRIDGE 
ELECTRONICS LIMITED 


THE AERODROME, CAMBRIDGE, ENGLAND 
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(Materiel Technique 
industriel) 


Delivery 14-21 days 
for most types 


wee e Ter eer Pe 


* Most models can be fitted with dust covers Operating from 1 Milliwatt to 1 Kilowatt with 
or hermetically sealed. up to 96 changeovers at 10 amps. per contact. 


* Range includes certain models hermetically 
sealed, all metal gas filled with glass base, and 
built in adjustable thermal delay. 


% 


* Post Office types 3000 and 600 relays of our 
own manufacture to specification. Guaranteed 
to full A.I.D. and 1.E.M.E. standards. 


Sule concessionuires for U.K. and 
(fj / Dominions on behalf of M.T.1. 
L. E. SIMMONDS LTD. 


\ 


AAT" 











5 BYRON ROAD, HARROW, MIDDX. 
Telephone: HARrow 7797/9 Telegrams: SIMRELAY HARROW 


(Manufacturers ond Trade enquiries only) 


—with the type 
TCVR voltage regulator 


The TCVR is a servomechanical automatic voltage 


Type TCVR-7000. 
. , . : § Rack-mounting 
regulator having the very high speed of correction of version. 
FORTY VOLTS PER SECOND. It provides an 
undistorted output, maintained constant within very 
close limits (normally +0.5%) from no-load to full- 
load, for wide variations in frequency and power factor. 





A wide range of models from 1.6 to 12 kVA single- 


phase, and 4.8 to 36 kVA three-phase, is available, Other products of Claude Lyons Ltd. Stabiliser Division 

to standard or tropical specification, in cabinets or for 

rack-mounting. Models are also available in which BMVR: Motor-driven laboratory and industrial regulators ranging from 1-6 to 29 kVA 
la oe . lal single-phase, and 4-8 to 87 kVA three-phase. Constancy of output normally + 0-5%. 

the output voltage is continuously adjustable over a from no-load to full-load. No distortion. Speed of correction 1 Volt/Sec. A great 

wide range by means of a panel control. Regulators variety of models, standard, tropical and militarised, for all applications. 

can be supplied to Services’ specification, and special BAVR: Electronic stabilisers of very high accuracy, and very rapid response, with no 

models can be designed to order. moving parts. Input range: - 10% to 5°%, Output constancy + 0.15%. Three sizes 

. 5 Bees : 200, 500 & 1000 VA. Exceptionally useful for control of chemical processes, heating, 

For high-speed, accurate stabilisation without lighting, ete. 


distortion—specify TCVR. . : 
ASR: Automatic step regulators, small, inexpensive, and with sinusoidal output waveform. 
Two sizes : 1-15 KVA and 2:3 kVA. Input range - 10% to 5°; output constancy, + 2}° 


° <3 





ATC: Automatic Tap-Changing Transformers a development of ASR. Two sizes 
575 VA and 1150 VA. Input range - 20°, to 10°, : output constancy, + 5%. Provide 


adequate stabilisation for many types of apparatus, at low cost. Also useful as pre- 
regulators, e.g. in conjunction with BAVR. 


Claude Lyons Mtd. 








We shall be pleased to send you full details of our entire range. 





Stabiliser Division VALLEY WORKS - HODDESDON: HERTS : TELEPHONE HODdesdor 4541/4 


CL/47/E2B8 
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Cornercroft provide 
an unparalleled 









SHEET METAL WORK 


precision engineer- 












ing service for the 





Large structures, cabinets, desks or small 
components in all materials including 
stainless steel and Titanium. 


manufacturer. We 

have 125,000 square 

feet of shops 
producing sheet metal work 
structures and components, 


















METAL SPINNINGS 





metal spinnings, assembly 
fixtures and jigs, special 
components, press tools and 
pressings, plastic mouldings 
etc. Our work is helping 
many of Britain’s leading 
manufacturers—perhaps we 
can help you too ? 





In all the usual materials—high dimen- 
sional accuracy—from blanks of up to 72” 
diameter. 














PRECISION MACHINING 















Complete modern tool-room with jig- 
boring, Keller die-sinking, Gorton dupli- 

cating and other precision machines. 
Head Office and Works: 


ACE WORKS, COVENTRY. oninnenedl 


Telephone: Coventry 40561 CORNERCROFT LTD 


Subsidiary Companies 
Cornercroft (Plastics) Lid. The Metal 
Spinning Co. Ltd. James Beresford & 
Son Lid, 























THE CORNERCROFT GROUP OF COMPANIES 











GAS ANALYSIS FOR NUCLEAR PLANT 


MAY WE QUOTE YOU FOR INSTRUMENTATION TO DETERMINE:- 


H,O ww CO, 
CO IN CO, 


CO, IN H,O 
LEAK RATE 


EQUIPMENT IS DESIGNED AND MANUFACTURED TO MEET YOUR SPECIFICATION 


THE INFRA RED DEVELOPMENT CO. LTD. WW™ GaRDen crvy, nents 
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HIGH TEMPERATURE VALVE 
TYPE C505 


This design has been introduced to meet 
the requirements for a valve to handle fluids 
and gases at temperatures up to and includ- 
ing 600°C. 

Sizes from 3” to 13” are available. These can 
be supplied as control valves for metering 
flow or as normal shut-off valves. 

The design is such that all types can be 
supplied with renewable seats and plugs, 
other features can be varied to suit custom- 


ers’ individual requirements. 


HIGH PRESSURE COMPONENTS LTD. 
SUNFLEX WORKS, COLHAM MILL ROAD, WEST DRAYTON, MIDDLESEX 


Telephone: WEST DRAYTON 2226-7 Telegrams: GYPONENT, West Drayton, Middx, 











Another step forward! 


PROTECTION and DECONTAMINATION 






Fully engineered 


In addition to the P.V.C. Protective Clothing and Air Supply 
Equipment, widely used by the United Kingdom Atomic 
Energy Authority and other concerns for Nuclear and Beryl- 
lium research, we now offer the complete engineering of 
installations for protection and decontamination. 

The protection of personnel working in toxic atmospheres 
presents many problems — comfort, efficiency, suitability of 
equipment, communication, and so on. 

In addition, when the operator leaves the active area, it is 
necessary to ensure adequate decontamination. 

Can the operator remove his own protective clothing in 
safety ? What arrangements should be made for semi-active 
areas ? Should the system be permanent or portable ? How 
should the equipment be stored? Can site emergency con- 
ditions be adequately covered ? 

Spembly Limited can solve these and many other problems 
which will arise in the design stage of reactors and asso- 
ciated laboratories or in the conversion of existing plant. 


—C Spembly Ltd pe NUCLEAR ENERGY DIVISION 
Design Development and Consulting Engineers 


NEW ROAD AVENUE, CHATHAM, KENT Telephone Chatham 44944/5/6 
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... for PLATE LEVELLING 


got MEP Roce A NAL 


15 ROLL COMBINED 
PLATE BENDING & 
LEVELLING ROLLS 














Set-up 





Plate Levelling 


This dual purpose Bronx Machine is specially designed for 
levelling plate up to 12ft. in width by Itin. in thickness, 
down to in. in thickness. With the two outer rolls in the 
“up” position as shown in the illustration, the machine 
will also roll plate to a minimum radius of 2ft. The 
machine does not roll complete circles but will form 
sweeps, or radii, to a minimum half-circle of 4ft. diameter. 
Suitable, as it is, for both plate levelling and sweep rolling, 
it presents a most economical combination of machines. 


TEL: LYE 2307/8/9 


BRONX ENGINEERING CO. LTD., LYE, WORCESTERSHIRE 





es: 





Enfield Busbars at Trawsfynydd 
ee 


Atomic Power Constructions Ltd. have placed a letter of 
intent with ENFIELD CABLES Limited for the design, supply 
and installation of the 16.5 kV alternator Fusbars for 


Trawsfynydd Nuclear Power Station. 


The high conductivity double angle section copper bars 
and supports are designed to withstand the high short circuit 
forces which may be experienced on the system and to carry 


continuously the full load current of approximately 6,000 amps. 
Manufacture of Busbars: ENFIELD ROLLING MILLS LIMITED 


Design and Installation: ENFIELD CABLES LIMITED 


CONTRACTS DEPARTMENT, MILLMARSH LANE, BRIMSDOWN, MIDDLESEX 


ENFIELD are installing similar busbars at Bradwell Nuclear Power Station 
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how many ohms 


in a shoelace...? 





Br. 
























Fanciful? No, because as our photograph 
proves, a shoelace can be made electrically 
conducting by impregnating it with ‘“‘dag’’* 
colloidal graphite. 

Unrealistic? As a practical proposition the 
shoelace test is just that; as a simple 
illustration of a fundamental idea we think it is 
effective enough. 

Over-simplified? Perhaps, yet thousands of 
cars are fitted with a non-metallic conducting 
braid which has much in common with a 
shoelace impregnated with colloidal graphite. 
A non-conducting material can be made 
conductive by treating it with ‘“‘dag”’ colloidal 
graphite, either by impregnation (surface 
coating or dipping after manufacture) or 
incorporation (addition during manufacture). 
Furthermore, you can impart any orallofthe | 
many other characteristics of colloidal graphite: 
low friction and “parting” properties, 
resistance to heat and wear, chemical inertness. 








If your problem is basically how to make plastics, natural or 
synthetic fibres, leather, cloth, paper or wood electrically 
conducting, then you should get in touch with us. 


Acheson Golloids 


LIMITED 
P.O. BOX 12- PRINCE ROCK- PLYMOUTH - DEVON . sd esi coll 


@ subsidiary of Acheson Industries (Europe) Limited Ml 


Manufacturer f colloidal graphite, molybdenum disul lchesor 


le carrier liquids including oil N.V. 





id toluene, 
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REMOT 
PRESSURE 


INDICATING - RECORDING - CONTROLLING 
FOR... 


Steam and other gases. 
Water, oil and other liquids. 
Pressures down to 5” wg and up to 15000 p.s.i. 


Indicating, recording or controlling or any combination of these 
features. 


Vacuum, absolute and differential pressures as well as the usual 
gauge pressures. 


Transmission over distances of a few feet or hundreds of yards. 


WITH... 
Accuracies as high as 0°5%. 


Immediate response at the receiving instrument to changes in 
pressure at the measuring point. 


Robust but simple wiring between the transmitter and the indicating 
recording or controlling instrument. 


Intrinsic safety certificate. 

Wide range of indicating meters in many sizes, recorders for wall 
and panel mounting, controllers for electrical and pneumatic 
control etc. 

%* Write for Remote Pressure brochure N.P. 


FIELDEN ELECTRONICS LIMITED * WYTHENSHAWE * MANCHESTER Indicating 
"Phone : Wythenshawe 3251 * ‘Grams: Humidity Manchester Recording 
also AUSTRALIA, ITALY and CANADA. Cencal 


Branch Offices: LONDON, WALSALL, STOCKTON-ON-TEES, EDIN- 


BURGH and DUBLIN Agents throughout the world 
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A.1.D. 


We cover all fields from small CONTROL 
VALVES to COMPLEX FABRICATION for 
HIGH VACUUM WORK ¢to intricate 
HYDRAULIC MECHANISMS with delicate 
instrument like sub-assemblies. 


wHaT ARE YOU Lookine ror? — 
CONTROL VALVES! GAS BOXES! HYDRAULIC MECHANISMS! 


~ ae | 


Facilities exist for: Ideally clean assembly to 
U.K.A.E.A. requirements—deep freeze test- 
ing to —50°C also for design and develop- 
ment of equipment for your special needs. 





SANDALL PRECISION CO. LTD. 











WATLING STREET, BLETCHLEY, BUCKS Tel: 3456-8 PBX 


Grams: SANDALL BUCKS 
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LOW 
CROSS-SECTION 
CAPTURE 


e000 HIGH 
in MECHANICAL 


STRENGTH 


HIGH 
RESISTIVITY HIGH 


THERMAL 
CONDUCTIVITY 


ic 
ryt NUGLENE pERNM 


For full information write to the 


SINTOX TECHNICAL ADVISORY SERVICE, 





What are the advantages of ceramics? 


SINTOX is versatile in'the production of a 
wide range of shapes and sizes and is partic 
ularly suitable for insulating parts in control 
gear, and for mechanical support members 
This new ceramic has already taken a leading 
place in the design of components for nuclear 
reactors. 





LATINA NUCLEAR 
POWER STATION 


Following its successful application in 
the nuclear power stations at Bradwell 
Berkeley, Hunterston and Hinkley Point, 
SINTOX is now being 
incorporated in the 
design for the Latina 
Nuclear Power Station. 








ty 
| 





enn 
4 








LODGE PLUGS LIMITED, RUGBY. 





ATOMIC ENERGY 


ESTABLISHMENTS | HARWELL A.E.R.E. 





Specialists in HEAVY DUTY ELECTRIC LIFTS | 


| ALDERMASTON A.W.E. — 14 


EVANS LIFTS Ltd. #4 © Yer: 


—_ ae 99 
99 | 


Works: LEICESTER | 
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NUCLEAR (CALDER HALL — 4Installations | 
POWER CHAPEL CROSS “a ie | 
STATIONS \HINKLEY POINT — 4 Me | 

WINDSCALE WORKS  — 14 Installations | 
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HUNT HEAT EXCHANGERS, LTD. 
GRIMSHAW LANE, MIDDLETON, MANCHESTER 
\) 


dm HMI2 


a 
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announcement 







BRYAN 


aVvage 





we have opened in one of our London factories a 


VIBRATION TEST 
LABORATORY 


Manned by experienced Vibration Engineers, 

the laboratory can accept Vibration work for 
customers who are unable to carry out their own 
tests, due either to heavy commitments or equipment 
not being available. 

All enquiries should be sent to Vibration Test Dept. 


W. BRYAN SAVAGE LTD 


designers and manufacturers of amplifiers and vibrators for modern industry 


17 Stratton Street, W.|. Phone: GROsvenor 1926 


Range of Vibration 


Test Equipment 


1) 3,000 Ib. thrust vibrator (Type V1001) 
with lOKW drive amplifier. (Type 10K) 
including automatic frequency sweep 
control (Type SFO.1) 


800 Ib. thrust vibrator (Type VI000B) 
with 2KW drive amplifier. 


w 


550 Ib. thrust vibrator (Type V1000) 
with IKW drive amplifier. 


> 


250 Ib. thrust vibrator (Type V999) 
with 500 watt drive amplifier. 


= oe ee eee ee ee ee ee ee ee oe 
Laos 
~ 

See eee eee eee ee ee ee ee ee ee oe 





DaW1ISINP 








EXECUTAIR LTD. 


SPECIALISTS IN PERSONNEL TRANS- 
PORTATION TO AND FROM REMOTE 
SITES BY HELICOPTERS OR FIXED 
WING AIRCRAFT. ALSO HELICOP- 
TERS FOR ‘‘AERIAL CRANE’’ WORK. 


Further details from: 


STONE COURT, 
SMALLFIELD ROAD, 
HORLEY, SURREY. 
TEL. 3652 
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“i Tic 
Two Moulding Sand Storage Hoppers and Access Stairways in course of erection 
Weight 150 tons 


| 
pURLENeTesueeneany 





Designed, Manufactured and Erected at 


FORD MOTOR COMPANY LIMITED, Dagenham, Essex. 
Plate Fabrications EDWARD FARR LIMITED } 


Structural Steelwork 











Welding and General Engineering Registered Office 

Tanks of any size fabricated and installed Napier Works, London, E.6. 

Shearing, Pressing, Bending Grangewood 3431 /2/3 
Chain Testing Bridge Works, Wickford, Essex wr 
Wickford 2380 s 
H 
a > a Tel 
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TO INDICATE CONTROL OR RECORD Ti 
TEMPERATURE 
ZB a ; Led Dy 


the flow with 
the ‘Telicator’ 


Both low and high pressure systems can 
be fitted with a Telicator Visual Flow 
Indicator, which is a simple instrument 
for indicating the flow, whatever the 
viscosity. The rotors are specially de- 
signed by Dukes and Briggs to give the 
clearest indications over specific ranges 
of flow rate. Water supplies for cooling 
purposes and forced lubrication systems 
are two typical applications. A new 
model is under development for use with opaque fluids, and special 
designs can be made to meet specific requirements. 


Note these features : 


@ Simple design ensures complete reliability. For accuracy, ease of reading, robustness, economy and 





@E xfreme sensitivity at all pressures. long, trouble free life install Rototherm Thermometers, 
@ Units readily adaptable to existing installations. Controllers 


@ May be mounted in any plane. 
® Comparative flow gauged by speed of revolving rotor. 


and Recorders. Specialists in bi-metallic 
appiications. 


Key's ototherm 


SIR W. H. BAILEY & COMPANY LIMITED 


PATRICROF1 MANCHESTER - ENGLAND BI-METAL ; MERCURY-IN-STEEL VAPOUR PRESSURE 
— THE BRITISH ROTOTHERM™M CO. LTD. 
Phone: Eccles 3487-8-9 Grams: Beacon. Telex, Eccles 
LONDON OFFICE: SELINAS LANE, DAGENHAM ESSEX PHONE: DOMINION 2277/8/9 Merton Abbey, London, S.W.19 LiBerty 766! 
TGA TRI Midland Factory: Hollis St., New Basford Nottingham 77847 
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Guard the health 
of the welder with 


The 


REGO 


PORTABLE 
FUME EXTRACTOR 
UNIT 


Fumes from welding operations can be 
unpleasant, obnoxious, persistent and 
under certain circumstances injurious, 
This applies particularly when work- 
ing in confined spaces, affecting 
personal efficiency and general health. 
The Secomak Unit is designed to re- 
move these fumes from the vicinity of 
the operator and transfer them to 
a place where they will not be a 
nuisance. 


Other applications of the Secomak 
Portable Fume Extractor Unit include 
the removal of foul air from tanks, 
ships’ double bottoms, etc., and the 
supplying of fresh air to men working 
in confined spaces anywhere. 


@ Removes fumes 
from welding 


@ Induces fresh air 
to vicinity of 


operations operation 
@ Improves @ Encourages 
workmanship increased output 


Write for Data Sheet 606/NP 


SERVICE ELECTRIC CO. LTD. 
HONEYPOT LANE, STANMORE, MIDDX. 
Tel: EDGware 5566-9 Telegrams: Secomak, Stanmore, Middx. 
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LA 4 K TUBE CLEANERS 


Clean 
round the 
bend— 











with 


‘1000’ 


SERIES 
Motors & Heads 
for 2°-5’ Tubes 


Write for catalogue showing the 
full range of ‘Lark’ tube-cleaning 
equipment. 


INDUSTRIAL DESCALING TOOLS LTD 
Sole distributors for the manufacturers H.WILLIAMS & SON LTD 
LARK WORKS, SANDRIDGE ROAD, ST. ALBANS, HERTS. 


au} 


Alb 54 
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Whatever your problem, large or 
small, call in KING and discuss it 
right away. Theadvicecosts nothing. 
But it can save you money. KING 
equipment—the most modern in 
the world—is at work in atomic 
establishments such as Aldermaston, 
Harwell, Risley and in factories and 
workshops throughout the world 
speeding production, 
costs. KING equipment is a wise 
investment that pays for itself. 


cutting 


CRANES (Overhead) Overslung and 
underslung. Fine control. Remote 
control. Capacity and span to suit 
individual needs. 

CONVEYORS ‘The last word in 
automatic handling. We have many 
designed to perform the 
most complex operations and to carr, 
any type of load. 

GRABS No matter how awkward the 
job, there’s a grab in the KING range 
to handle it. Automatic or semi- 
automatic, direct or remote control. 
HOISTS Electric and hand-operated, 
manual or remote control as you wish, 
capacities from 2 cwts. to 13} tons. 
Complete range of — flameproof 
models. 

DOORS Designed for special appli 
cations in the field of atomic energy. 
Straight sliding, folding or around- 
the-corner. Manual or remote control. 
SKI-WRACKER Specially designed 
to operate in contined spaces where 
floor-mounted equipment could not, 
the SKI-WRACKER can stack up 
to 30ft. high and take loads of 25 
Ibs. —10,000 Ibs. 


systems, 


Fixed or telescopic 
rotation — if 


mast. Complete load 


required. 








REGISTERED TRADE MARK 


Mechanical 
handling 
Isa 
KING-SIZE 
problem 
but you 
can be sure 


KING 


can cope 





Mechanical Handling 


GEO. W. KING LTD ARGYLE 


WORKS 


STEVENAGE HERTS. 
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MAGNOX 



































The recognised authorities on every 
aspect of magnesium technology, 
MEL are constantly evolving new 
alloys and improving existing ones. 

Magnox you know about. MEL are 
approved suppliers of this important 
canning material for the UKAEA. In 
collaboration with UKAEA and the 
industrial consortia they are contri- 
buting their considerable research 
acumen to the furtherdevelopmentof 
magnesium alloys, specifically de- 
signed for nuclear work. 

The skill and experience of MEL are 
available to all who wish to exploit 
the special advantages of the latest 
magnesium alloys in 
engineering projects. 


nuclear 





MAGNESIUM ELEKTRON LTD 


Clifton Junction Manchester 
Swinton 2511 
London Office: 5 Charles II Street St. James’s SW1 
Trafalgar 1646 


Magnesium Elektron, Inc., New York 20, USA 
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Water Cooling Problems .... 

Then call in PREMIER for expert advice. PREMIER Cooling 
Towers and Mechanical Water Coolers are among the most highly 
efficient and economical in the world and are installed in many of 
the world’s most important works and power stations. PREMIER 
design and erect the plants, guarantee the performance and give a 
100% after-sales service. Because of the scientifically engineered 
construction, high efficiency and economy of PREMIER Water 
Coolers they are acclaimed by engineers everywhere. 

If you have a water cooling problem, write to us— 

our advice is at your service. 

IT IS A FACT that the great economy 
achieved by PREMIER—by increased 






MY 








PER 
efficiency, and the saving of water rates k >, : 
and space—virtually pays the initial outlay = \ 
and installation costs. a 

Sa 

an 

Sd 
Soe aS as 


PREMIER 


COOLING TOWERS | 


te} 





ud} 
é 
« 
SJ 
é 
; = 
‘ 


The Premier Cooler & Engineering Co. Ltd. Shalford, Nr. Guildford, Surrey 
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Sifbronze Welds are Good 
Welds! Whether for 

low temperature welding or for 
full fusion welding, there 

is a 33-rod range covering 
every class of gas-welding 


operation. 


Quality counts, and Sifbronze 
rods are first-quality 

rods and are made to 

BSS 1453 and BSS 2901. 


If you are not using Sifbronze, 


write now for full details. 


~'SIFBRONTE 
HDS STAY 
WELDED!” 


SUFFOLK IRON FOUNDRY (1920) LTD., STOWMARKET, SUFFOLK. 
NP/B,1 


says Will the Welder 
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ae 


Established 1884 





RADIATION 
PROTECTION 


Lead Lined Doors and Frames, 
Screens and Panelling @ Leaded 
Glass Window Units e Barytes 
Shielding e Complete Protection 
Schemes Undertaken to 


Specification 


SOOLE & SON LIMITED 
Dunstable Road 
Telephone: Richmond 0038 


Richmond Surrey 
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Ht ADED to your individual needs 
in special designs 


HIGEARS . . . Gears and Gear Units of the highest quality 

. are available in a comprehensive standard range. Special 
HIGEAR Gear Units are also supplied, designed to meet 
individual needs. We are technically equipped to satisfy the 
most exacting requirements. One of our special designs 
produced for the Dounreay Fast Breeder Experimental Reactor 
is illustrated above. 


HIGHFIELD 
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GEAR & ENGINEERING CO., LTD. 
NILE ST., HUDDERSFIELD. 
Telephone: Huddersfield 4490 (3 lines) 
Grams: Higears, Huddersfield. 
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Versatile 
and 
Consistent 


Aerox Porous Ceramics, with out- 
+ standingly uniform pore density, serve 
¥ industry in a thousand ways: 


As FILTERS for compressed air or 
gas to eliminate solid particles and 
liquid droplets; sterilisation; cleaning 
of exit gases; recovery of valuable 
solids from liquors, etc., ete. 

As DIFFUSERS foreffluent treatment; 
gas absorption; flotation processes, 
etc., etc. 

As DIAPHRAGMS for electrolytic 
processes. 

As a POROUS BASE for fluidised 
discharging, conveying and fluid bed 
reaction processes. 

Can you suggest the 1001st? 














Leaders in a specialised field 


CERAMIC WORKS, HILLINGTON 
GLASGOW, SW2 
Telephone: HALFWAY 4415/6 


ENGINEERING WORKS, CHALFORD 
STROUD, GLOUCESTER 
Telephone: BRISCOMBE 3085 


AEROX LIMITED 
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Why not ask 
NECKAR sir? 


Yes, let experts tackle 


the ‘pure water’ problem. 


lon exchange is the most 
up-to-date method of 
producing pure water 
for all requirements, and 
it does this at a fraction 
of the cost of distillation. 





NECKAR WATER SOFTENER COMPANY LTD. 


ARTILLERY HOUSE, ARTILLERY ROW, LONDON, S.W.1 
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HIGH 
VACUUM 
EQUIPMENT 





Rotary pumps, diffusion pumps, 
valves, combined units — these are 
but a few from the very full range 
of equipment now being produced 
tor the High Vacuum industry by 
N.G.N Our Technical services 
are being increasingly used to assist 
and advise on problems of High 
Vacuum. Why not make use of 
them — NOW 


NGN 


N.G.N. ELECTRICAL LTD. 


AVENUE PARADE 
ACCRINGTON 


Tel. Accrington 5611-2 
KK | - 





t 


Our New Catalogue is well 
worth having 
Send now for 
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SCREW MACHINE PRODUCTS LTD. 
Wooburn Green, Nr. High Wycombe; Bucks. 
Telephone: Bourne End 1444/8 (5 lines) 
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LEAD GLASS 


for Protection from Radiation 


Glass containing lead oxide for radiation shielding is 
available in three densities. These are 3.3; 4.3 and 
6.1 gm/cc and their nominal lead oxide contents are 
33%; 59% and 80%, respectively, which corresponds 
to metallic lead percentages of 30.6; 54.7 and 74.2. 
The lowest density glass is available in areas up 
to 4’ 6” square and 10” thickness. The 4.3 density, 
4’ 6” square and 8" thickness. In both these cases, 


} 
| 


however, there is a maximum weight limitation of 


2,000 Ibs. The high density glass is available in volumes 
of up to 500 cu. ins. 

The technical officers of the Association are always 
glad to give individual assistance. 


LEAD DEVELOPMENT ASSOCIATION, 18 Adam Street, London, W.C.2 
Telephone: WHitehall 4175. Telegrams: Leadevep, Rand, London 
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TEST SIEVE SHAKER 
for 


accurate 
particle size 
analysis 


Accurate and consistent results are the features 
required of a test sieve shaker for the sieve 
analysis of the particle size range of material. 
Simply vibrating or shaking test sieves by 

hand is not good enough for the standard of 
accuracy required these days. Vibration alone 
tends to aggregate rather than to segregate 
particles and shaking test sieves by hand 

is not only tedious but inevitably 

produces inaccurate results. 


The Inclyno Test Sieve Shaker incorporates 
a double movement that jolts and 
spreads the test material ensuring perfect 
segregation of the various particle sizes 
and presenting the maximum number of 
apertures for undersize particles to 

fall through each sieve. Three models 
available for all sizes of standard test 
sieves and supplied complete with motor 
and inbuilt automatic time switch 
covering test periods up to 60 minutes. 





INCLYNO 


THE PASCALL ENGINEERING CO LTD 





Write or telephone 
Crawley 25166 for 
List IN 3211 


GATWICK ROAD + CRAWLEY - SUSSEX 
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TRIP AMPLIFIERS 


for monitoring 


TEMPERATURE, STRAIN, 
and any low level d.c. signal. 


Some salient features : 


Transistorised high-speeed chopper 
amplifier. 


Relays and lamps operate at alarm 
and trip levels. 


Trip margin indication with two 
scales at 10:1 sensitivity ratio. 


Lockable pre-set trip level control 
calibrated o — 1000. 


Rejects extraneous 50 ¢.p.s pick-up. 


Incorporates all possible fail-safe 
techniques. 


Compact size, 83” x 34” x 13” 
deep allows 5 units per standard 
19” rack. 


For further information please contact: 


MURPHY RADIO LTD (ELECTRONICS DIVISION) 
WELWYN GARDEN CITY, HERTFORDSHIRE. 
TEL. No. WELWYN GARDEN 3434. 
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CLASSIFIED ADVERTISEMENT 





DISPLAY ANNOUNCEMENT RATES :— 1 insertion 40/- per single col. inch 
6 insertions 38/- per single col. inch 
12 insertions 36/- per sw.gle col. inch 


LINEAGE ANNOUNCEMENT RATES :— 4/- per line. 5% discount 6 insertions, 10%, discount 12 insertions 
BOX Nos. :— 1/- extra will be charged 
COPY DATE :— Advertisements for December issue to be received not later than 6th November 


SITUATIONS VACANT 


SITUATIONS VACANT 





ATOMIC POWER CONSTRUCTIONS 
LIMITED 


The above Company is responsible for the design, manufac- 
ture, construction and commissioning of the latest Nuclear 
Power Station which is being built at TRAWSFYNYDD* 
in North Wales. 


The Head Office in Central London and the Research and 
Development Laboratories at Heston, Middlesex, have vacan- 
cies for qualified men to work on the TRAWSFYNYDD and 
other projects. The vacancies exist at various levels and cover 
the following:— 


Design Engineers Construction and Programming 
Engineers 
Power Station Engineers Supply Engineers 
Draughtsmen Physicists 
Technical Engineers Metallurgists 
Mathematicians 


Applications are invited from suitably qualified men and 
should be sent, giving full details of experience, qualifications, 
etc., to :-— 
THE PERSONNEL OFFICER (Ref. 87/NP), 
ATOMIC POWER CONSTRUCTIONS LIMITED, 
28 THEOBALDS ROAD, W.C.1 


*See special articles in this issue commencing on page 90. 





MECHANICAL ENGINEER 
required for City Head Office. Exper 
ence in design and/or operation <« 

electric power station steam plan 
Membership of professional institutio 
desirable. Good salary prospects. Lur 
cheon Club. Pension Fund. Writ 
details age, training and experience 


(1.A.M./179) 
BALFOUR, BEATTY & Co., Ltd. 
66 Queen Street, London, E.C.4 








DESIGN ENGINEER 


required with experience in 
heat transfer calculations and 
design of small compact heat 
exchangers. Write, stating age, 
details of experience, etc., to 
Chief Designer, 
DELANEY GALLAY LTD., 
Vulcan Works, Edgware Road, 
Cricklewood, N.W.2 
GLAdstone 2201 











THE CHLORIDE ELECTRICAL STORAGE COMPANY 
REQUIRE A QUALIFIED 
METALLURGIST 


in their Research Laboratories near Manchester. 
The work will be concerned with the development of new Lead base alloys 


including ; 

DIE-CASTING 

PRESSURE DIE-CASTING 

MECHANICAL TESTING 

METALLOGRAPHY 
and occasional problems with other metals, e.g. Nickel and Cadmium. 
It is intended that the successful candidate, who should be an A.1.M. or 
have an honours degree in Metallurgy, should lead a section in this work. 
An attractive commencing salary is offered and the Company operates a 
non-contributory pension scheme. The Laboratories are situated within 
daily travelling distance of good residential areas of Cheshire. 
Applications, giving full details of qualifications and experience should be 
addressed to: 


The Chief Personnel Officer, Exide Works, Clifton Junction, 
Swinton, Manchester 











RESEARCH LABORATORY 


AED 


MECHANICAL ENGINEER 


required to co-operate with users of 
MERLIN on the design of experiments, 
particularly with reference to the safety 
problems involved. He will be required to 
provide detailed criticism, if necessary, of 
the thermal and mechanical aspects of all 
experiments performed in MERLIN, Ex- 
perience with fluid flow and heat transfer 
problems would be an advantage. Training 
for these subjects will be given. It is 
expected that general research using the 
reactor will begin about mid-summer, 
1960. 

A good Honours degree is necessary and 
preference will be given to applicants aged 
25 or less. 

The Laboratory serves a large group of 
Companies and is situated in pleasant rural 
surroundings near Reading with fast train 
service to London. 

Five-day week 
Pension scheme 


Apply in writing, quoting Reference No. 
R/ME/2, to the Personnel Officer, 


Research Laboratory 
ASSOCIATED ELECTRICAL 


INDUSTRIES LIMITED 


Aldermaston Court, 
Aldermaston, Berkshire. 
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SERVICE 








Technical Translations 
PERSONAL, PROMPT AND ACCURATE 
ATTENTION TO ALL YOUR 
REQUIREMENTS 
THE WESTMINSTER 
TRANSLATION BUREAU 
M. DANDO, M.A, D. S. TAVENER, F.1,L. 
24 Wardour Street, London, W.1 
Tet.: GERrard 4745 








C. W. GARRETT & SON 


for 
ALL DRAWING OFFICE’ SERVICES, 
PROCESSES, MATERIALS AND 
EQUIPMENT 


a 
WINDMIL i ROAD, BRENTFORD 
DDLESEX 


Telephone : ISLeworth 4433 (4 lines) 








A. W. ELLIOTT (Steeplejacks) 
& Co. Ltd. 
34 Nuthall Road, Nottingham 
Nottingham 77195 
Lightning Conductor Specialists 


Chimney Maintenance, Church Restoration, 
Industrial Painting, Decorating. 








FIRE 
Extinguisher Hire, Maintenance and 
Renovation Service 
READ & CAMPBELL LTD 
Fire Protection Engineers Est. 1878 
Head Office: 
75 Victoria Street, London, SW1 
Tel: ABBey 2602 & 5762 





Transformer Manufacturers 
Coil Winders 
Cable Formers 
€ 
Electric Windings (London) Ltd. 
245 Mile End Road, London, E.1 
STEpney Green 5324 





DESIGN TEAMS 
available for plant and mechanical 
engineering projects in the nuclear field 

* 
NORRIS BROTHERS’ LTD 
53 Victoria Street, London, SW1 
Telephone: ABBey 6132 











ALUMINIUM DESIGN 
and fabrication service available 
for all types welded and other light 
alloy structures and components 


ALPHAMIN LTD. 


4 Dunston Street, Kingsland Road, 
London, E.8. Tel.: CLIssold 4161 








R. & J. PARK LTD 


Dominion Works, Chiswick 
England 


° 

Export packers, shippers and for- 

warding agents. Specialists in 
packing heavy machinery 








MANCUNA ENGINEERING 
LTD 
DENTON, MANCHESTER 
SPECIALISTS IN GAS CLEANING 
AND DUST TECHNOLOGY 
District Office: 
59 Victoria Road, Surbiton, Surrey 
Tel: ELMbridge 9793 








SHEET METAL WORK 
All Materials - Skilled Work 
MABBOTT & CO. LTD. 
EST. 1901 
SHEET METAL DIVISION 


Phoenix Works, Poland Street, 
Manchester, 4. Collyhurst 1773 








X-RADIOGRAPHY 
of welds and castings offered up to 14” 
thickness, also high vacuum test facilities. 
IMMEDIATE SERVICE 
THOS. RYDER & CO. MANCHESTER 
LTD., 


COMMERCIAL STREET WORKS, 
KNOTT MILL, MANCHESTER 15 
Central 6753 








SPECIALIST SUPPLIERS OF 
CUT-AWAY NUCLEAR MODELS 
INCLUDING FUEL ELEMENTS 


e 
MINIATURE ENGINEERING 
(LONDON) LTD. 


Palace Chambers, — St., London, 
S.W.1. TRAfaigar 5150 








DERBY AEROSURVEYS LIMITED 
(in Association with Photoflight, Ltd.) 
Our Service to Government Depart- 
ments, Contractors and Consultants 
includes Aerial Photography of Build- 
ing Progress on Traditional and 
Nuclear Power Stations. 
Operations Base: The Aerodrome, 
Elstree, Herts. Tel: Elstree 3148 








ORGANIC AND INORGANIC 
INDUSTRIAL CHEMICALS 


& 
CHEMITRADE LIMITED 


17 Stratton Street, London, W.1 
Telephone: GROsvenor 3422 








CHROMIUM DIFFUSION 
of mild steel, alloyed steel, and cast 
iron for heat, corrosion, and abrasion 
resistance 


& 
METAL DIFFUSIONS LIMITED 
Worton Works, 292 Worton Road, 
Isteworth, Middlesex ISL 7081/2 





We answer telephones 
24 HOURS A DAY 
If you have no telephone number, 
you can use ours 


* 
ANSWERING LTD. _ 
13-16 Jacob’s Well Mews, George Street, 
London, W.1. Tel.: WELbeck 6655. 
also:—28 Severn Street, Birmingham, 1. 
Tel.: MIDland 3567. 











INDUSTRIAL SAFETY 
EQUIPMENT EXPERTS 
* 
PYRENE-PANORAMA LTD. 
Windmill Road, Brentford, Middlesex 
Telephone: ISLeworth 6123 











LOCK & KEY SPECIALISTS 
All Types of Locks 
Supplied, Fitted, Altered, Repaired, etc. 
* 
BARON & CO. 
43 Broadwick Street, Golden Square, 
London, W.1. GERrard 4512 








GAMMA RADIOGRAPHY OF PIPELINES 
GAMMA AND X-RADIOGRAPHY OF 
TANKS AND PRESSURE VESSELS 
Weld examination to Lloyds, etc. Quick, 
efficient services available for work on 
site now. 


GAMMAX (LONDON) LTD., 
Cecil House, Wharfdale Road, 
London, N.1 
Telephone: TERminus 0677 and 6925 











COURSES 








U.K.A.E.A. 


Harwell Reactor School 
Control and Instrumentation of Reactors Course 


The third course on ‘ The Control and Instrumentation 
of Reactors’ will be held at Durley Hall, Bournemouth, 
Hampshire, from the Ist to 12th February, 1960, inclusive. 
The fourth course will also be held at Durley Hall, 
Bournemouth, Hampshire, from the 23rd May to 3rd 


June, 1960, inclusive. 


The fee for either course will be fifty guineas exclusive 


of accommodation. 


Application forms and further details can be had from: 


The Principal, Reactor School, Atomic Energy Research 
Establishment, Harwell, Didcot, Berks 





U.K.A.E.A. 
Harwell Reactor School 
Standard Course No. 20 
The next Standard Course will be held from the 4th 
January to 29th April, 
course is £250 exclusive of accommodation. 

Senior Technical Executives’ Course No. 10 
The course will be held from the 9th to 20th May, 1960 
inclusive. The fee for the course is fifty guineas exclusive 
of accommodation. 

Application forms and details for both courses can be 

obtained from: 

The Principal, Reactor School, Atomic Energy Research 
Establishment, Harwell, Didcot, Berks 


1960, inclusive. The fee for the 
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STAINLESS TUBES & FLANGES 


We offer in approved grades of Stainless Steel 


FLANGES MACHINED TO B.S. TABLES OR TO SPECIAL SIZES 
SOLID DRAWN TUBES—FABRICATED PIPES 

ROUND and HEXAGON BAR 

PROFILES CUT TO ANY THICKNESS OR SIZE 

CASTINGS TO CUSTOMERS SPECIFICATION 











Keen Prices — Prompt Delivery 


Send enquiries to Dept. N.P. 


STAINLESS STEEL PROFILE CUTTERS LTD. 
Farfac Works, Kings Grove, MAIDENHEAD. ’phone 1522/23. 
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The original 
WINDSCALE 


plant, with the first full-scale atomic piles in this country 
had 16 high-efficiency blowers of great capacity, each 
absorbing 2,500 h.p. These were supplied by 


HOWDEN 


For the new advanced 
gas-cooled reactor 


AT WINDSCALE 


Howden have been chosen to supply four main CO, 
circulators having the following features:— 
(1) Inlet Vane Control giving stable operation over full 
operating range. 
(2) High-efficiency aerofoil-bladed radial-flow Impeller 
and Diffuser. 
(3) Oil-bath Bearings. 


(4) 1570 h.p. constant-speed A.C. Motor 
(by Laurence Scott & Electro Motors Ltd.). 


(5) Special Cooling Arrangements. 

(6) Entire assembly enclosed in Pressure Bell. 
This novel arrangement of circulator requires aerodynamic, 
heat transfer, and mechanical design of extremely high 
quality. 
A factor influencing the selection of Howden for this im- 
portant contract is their extensive experience in all these 
aspects of design and of the manufacturing problems involved. 


JAMES HOWDEN AND COMPANY LIMITED 
195 SCOTLAND STREET, GLASGOW, C.5, and 15 GROSVENOR PLACE, LONDON, S.WI. 


FOVVDEN 
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SAVAGE AND PARSONS LIMITED 


